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PREFACE. 

JLT  was  the  precept  of  an  eminent  philofopher,  that  he 
who  undertakes  to  extend  the  limits  of  a  fcience  ftiould 
previoufly  be  made  acquainted  with  the  difcoveries  of  his 
predeceflbrs.  To  faciUtate  the  application  of  this  pre- 
cept, firft  induced  the  Author  to  make  the  following 
compilation. 

That  all  organized  bodies  are  compofed  of  ultimate  or 
remote  parts,  will  not  be  denied,  but  there  feems  to  be  a 
prevalent  idea,  that  it  is  neceflary  for  thefe  component 
parts  to  be  in  certain  proportions  or  peculiar  combina- 
tions, in  order  toeftablifh  the  equilibrium  of  health  ;  and 
that  when  thefe  aredeftroyed,  difeafe  is  the  confequence, 
which  cannot  be  cured  until  the  organic  machine  re- 
ceives thofe  parts  which  are  deficient,  or  gives  up  thofe 
which  are  in  excefs,  fo  that  the  proper  proportions  be 
again  effe6ted,  and  the  equilibrium  of  health  reftored.  If 
fuch  be  the  cafe,  the  conclufion  is,  that  the  happinefs  or 
mifery  of  individuals  depends  ultimately  on  the  propor- 
tion of  the  different  parts  of  the  fubftances  that  compofe 
them. 

The  human  intelle^^  appears  to  delight  in  fpeculation  ; 
for  the  idea  has  been  extended  fo  far  as  to  fuppofe,  that 
(ince  the  mind  is  only  the  produiSlion  of  external  obje6ls 
a6ling  on  vital  organization,  conveyed  by  fenfes,  all  of 
which  are  compofed  of  ultimate  parts ;  this  nobler  part 
of  our  nature  muft  likewife  be  within  the  reach  of  the 
powers  of  the  analytical  fcience,  and  that  fome  diftant  and 
future  age  may  be  indebted  for  an  explanation  not  only  of 
the  fun6lions  of  the  body,  but  of  the  faculties  of  the 
mind,  to  chemical  analyfis. 

At  prefent,  there  are  not  a  fufficient  number  of  fafts  to 
warrant  a  conclufion,  thcjt  thefe  fpec\ilative  opinions  can 
ever  be  verified,  although,  from  the  difcoveries  chemiihy 
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has  already  made,  and  the  vaft  extent  of  it's  capacity  for 
future  inveftigation,  it  perhaps  would  not  be  a  jud  way 
of  reafoning  to  aflert  the  impoflibijity  :  who  could  have 
believed,  thirty  years  ago,  that  either  fixed  air  or  water 
was  capable  of  decompofition,  that  the  diamond  was  no- 
thing but  charcoal,  and  that  flefh  might  be  converted  into 
fpermaceti  ?  Yet  this  faience  is  only  in  it's  infancy, 
whilft  it's  progrefs  is  deemed  to  be  eternal. 

Every  attempt  is  laudable  in  the  caufe  of  humanity, 
although  it  fhould  be  fruitlefs,  and  the  chemical  phyfio-- 
logift  need  not  be  informed  of  the  great  importance  it 
would  be  to  medical  fcience  to  bring  thefe  opinions  to  the 
left  of  experiment,  to  prove  or  refute  them,  and  to  afcer- 
tain  whether  the  deficit  and  furplus  in  the  proportions  of 
the  remote  parts  of  organic  bodies  are  not  rather  to  be 
numbered  amongfl  the  effe6is  than  the  caufes  of  difeafes. 

The  phyfiologift  who  undertakes  fuch  an  inveftigation, 
need  not  be  difcouraged  at  the  quickfands  of  former  times 
into  which  fo  many  have  fallen ;  he  will  find  that  the 
prefent  ftate  of  chemiftry  is  different  from  what  it  was  at 
that  unfortunate  period,  when  the  extravagancies  it  intro- 
duced into  medicine  made  the  alliance  dangerous.  Mo- 
dern chemiftry  has  already  thrown  great  light  on  feveral 
parts  of  the  animal  fyftem  ;  it  has  within  thefe  laft  few 
years  commenced  an  inveftigation  of  feveral  of  the  func- 
tions of  the  body,  and  explained  the  manner  in  which 
they  are  carried  on  with'fome  degree  of  fuccefs  :  the 
procefTes  of  refpiration,  of  perfpiration,  of  digeftion,  of 
animallzation,  and  the  action  of  oxygen  upon  vital  or- 
ganization, no  longer  remain  in  that  ftate  of  total  darknefs 
in  which  they  were  fo  lately  enveloped,  whilft  the  profi- 
ciency already  attained  in  this  department  of  the  fcience, 
has  eftabhftied  the  animal  analyfis  upon  fo  firm  and  broad 
abafis,  as  to  promife  in  future  the  happieft  refults.  Other 
functions  remain  to  be  inveftigated,  fuch  as  fanguifica- 
tion^  offificatioD,  nutrition^  and  the  fecretion  of  the  dif- 
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ferent  fluids;  to  which  may  be  added  the  a6lion  of  thofe 
powers  that  produce  difeafes,  and  that  of  medicines  on 
the  animal  body ;  but  it  is  by  purfuing  the  fame  method 
of  analytical  reafoning  that  their  operations  are  to  be  ex- 
plained,  and  their  nature  thoroughly  underftood.  Every 
preparation  is  already  made  for  this  grand  work,  and 
there  is  reafon  to  believe,  that  the  route  which  has  hitherto 
been  explored  will  condu6l  the  philofopher  to  a  more  pre* 
cife  and  exa6l  know^ledge  of  the  phenomena  of  the  ani- 
mal economy,  and  to  the  formation  of  a  more  perfect 
theory  of  tht  laws  that  govern  the  vital  and  mental  world. 

What  has  been  faid  of  the  medical  fcience  may  be  ex- 
tended to  the  arts.  Several  of  thefe,  it  is  well  known, 
are  indebted  to  the  animal  kingdom  for  their  refpe6live 
materials  5  and  the  enlightened  artift  need  not  be  inform- 
ed of  the  great  defideratmii  of  having  the  nature  and  pro- 
perties of  the  materials  he  employs  thoroughly  invefti  - 
gated  by  chemical  analyfis ;  it  is,  perhaps,  the  only 
means  by  which  his  art  can  be  reduced  to  fcientific  prin- 
ciples, by  which  his  operations  can  be  fimplified,  his 
proceffes  accelerated,  and  his  labours  (hortened.  It  is  to 
this  fcience  that  the  arts  of  dyeing,  tanning,  making  of 
glue,  of  hats,  of  cutlery,  the  operations  of  cookery,  the 
proceffes  of  the  dairy,  &c.,  have  been  brought  to  their 
prefent  ftate  of  pcrfedlion,  and  it  is  to  the  fame  fource 
they  can  only  look  for  future  improvement. 

For  fuch  an  undertaking,  a  material  advantage,  how- 
ever, feemed  to  be  wanting:  a  compilation  in  which  the 
enterpriiing  experimentalift  could  be  made  acquainted 
with  thefadls  and  obfervations  of  thofe  who  had  preceded 
him.  It  is  true,  feveral  learned  foreign  chemifts  have 
attempted  to  fupply  this  deficiency,  and  Gren,  Hilde- 
brandt,  Jacquin,  and  de  la  Grange,  have  publifhed  coni- 
pilations-on  the  fubje^t ;  but  their  plans  appear  to  have 
been  too  limited,  and  their  defcriptions  too  concifc; 
many  of  the  phenomena  recorded  ia  the  analyfis  of  ani- 
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mal  fubftances  have  been  excluded,  fome  of  the  inoft 
interefting  particulars  have  been  forgotten.  In  the  work 
now  prefented  to  the  public,  a  different  plan  has  been 
purfued,  a  more  enlarged  fcalc  has  been  attempted,  apd 
an  endeavour  has  been  made  to  give  the  whole  a  more 
connected  and  fyftematic  arrangement.  Fo^r  thefe  pur- 
pofes,  the  Author  is  principally  indebted  for  his  infor- 
mation to  the  Elementa  Phyfiologiae  of  Haller^  the  En- 
cyclopedic Methodique  of  Morveau  and  Fourcroyj^^^aiul 
to  Leonhardi's  German  tranflation  of  Macquer's  Che- 
mical Di6lionary,  with  the  excellent  additions.  At  the 
fame  time,  copious  extracts  have  been  occasonally  fe- 
ledled  from  more  recent  publications,  particularly  thofe 
collections  ofxiifferent  learned  focieties,  to  whofe  diligence 
and  induftry  chemiftry  prefents  her  choiceft  flore.  From 
the  former,  the  early  hiftorical  part  has  been  chiefly  taken; 
from  the  latter,  the  ftate  of  analyfis  of  the  prefent  day. 
With  fuch  affiftance,  it  is  to  be  hoped,  the  deficiencies 
of  former  compilers  may  have  been  in  fome  meafure  fupi- 
plied,  and  the  knowledge  they  have  collected  increafed, 
by  having  had  accefs  to  a  nwjre  extenfive  mafs  of  mate- 
rials, and  to  later  difcoveries. 
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ANIMAL  SUBSTANCfiS. 


M. 


An  in  cdiifequence  of  fuperiour  organization,  when  Anim»lSd 
compared  with  all  other  vital  organized  beings,  has 
clainied  the  diftin(Stive  mark  of  placing  himfelf  at  the 
head,  and  of  forming  a  clafs  peculiar  t(y  his  own  fpecies, 
and  almoft  all  natitralifts,  fince  the  time  of  Ariftotle,  have 
approved  of  the  decifion  :  the  remaining  part  of  the  ani- 
mal creation  which  fo  far  exceeds  him  in  number,  haa 
been  divided  by  Daubenton,  the  French  natufal  hiftorian, 
into  eight  clafles,  viz.  Quadrupeds,  Cetacea,  Birds,  ovi- 
parous Quadrupeds^  Serpents,  Fifh,  Infects,  and  WormSo 
Of  thefe  clafles,  very  few  have,  at  prcfent,  been  fubmitted 
to  chemical  inveftigation  5  it  is  principaUy  to  the  human: 
fubjeft,  and  thel^iparous  quadruped,  that  the  refearches 
of  the  analytical  fcience  extend,  although  fome  flight  at- 
tention has  been  paid  to  the  oviparous  quadrupeds,  infe6ls^ 
and  worms, 
VOL.  I,  a 
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ANIMAL    SUBSTANCES. 

Animals,  it  is  well  known,  confift  of  a  variety  of  dif- 
ferent parts,  fuch  as  blood,  flefli  or  mufclc,  membrane, 
tendon,  ligament,  fat,  nerve,  pcriofteum,  brain,  cartilage 
or  griftle,  bone,  hoof,  horn,  ivory,  Iheli,  hair,  and  fea- 
thers, together  with  other  fubftances  that  give  rife  to  their 
colour,  fmcll,  and  taftc.  All  thefe  parts,  as  well  as  the 
fecretions  of  different  kinds,  are  formed  from  the  blood 
by  various  proceifes  of  the  organized  machine,  from  the 
nutriment  recewed  into  the  ftomach ;  and  by  the  fame 
means  thefe  parts  -are  conftanily  fupported  during  the  life 
of  the  particular  animal.  Whilft  this  formation  and  re- 
newal are  going  on,  other  matters  are  feparated,  fuch  as 
urine,  fweat,  and  feces,  which  are  excreted  and  evacuated 
from  the  living  machine^  in  the  form  of  ufelefs  excre- 
ment. 

On  taking  a  general  view  of. all  thefe  parts  and  matter?^ 
as  far  as  they  have  been  fubmittcd  to  any  chemical  ana- 
lyfis,  they  may  be  divided  into 

1.  Fluids,  5.  Oils,  9.  ColouringMatter, 

2.  Solids,  6.  Acids,         10.  Concretions, 

3.  Hard  Parts,  7.  Poifons,  and 

4.  External  Parts,    8.  Aromatics,  11.  Excrements. 
Since  the  formation  of  thefe  fubftances  is  for  the  moft 

part  derived  originally  from  vegetables,. and  the  manner 
of  their  converfion  has  not  yet  been  afcertained,  it  is  fup- 
pofed  that  an  exaft  chemical  analyfis  of  thefe  parts,  and 
a  comparifon  of  their  component  principles  with  thofe  of 
vegetables,  may  be  a  means  of  cafting  fome  light  upon 
the  operations  and  nature  of  the  different  functions,  and 
lead  to  a  more  exa6l  knowledge  of  the  laws  of  the  animal 
ceconomv. 

Jnimal  Analvfis, — ^The  analyfis  of  animal  fubftances  is 
the  moft  difficult  and  leaft  advanced  of  anv  part  of  che- 
miftry.  This  negled  has  been  attributed  to  feveral 
Cavifes,  viz. — To  the  difagreeable  produ6ls  that  arife  on 
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Submitting  them  to  experiment,  which  have  been  foimd  The  cmUs* 
ilifficient  to  reprefs  the  ardour  of  inquiry  5  the  great  want 
of  proper  means  and  methods  to  treat  them  5  the  impof- 
fibility  of  reproducing  thefe  matters,  or  the  total  abfence 
of  every  idea  of  fynthefis  ;  and  laftly,  the  fmall  degree 
of  ihtereft  which  the  chemift  who  was  not  a  profefled 
phv'fician  took  in  the  refuhs  of  their  analyfis*  Such 
have  been  the  principal  circumftances  that  have  arrefted 
the  progrefs  of  this  part  of  the  fcience. 

It  was  owing  to  thefe  caufes  that  the  old  chemifts  con-  Antient 
tented  thcmfelves  with  the  mere  diftillation  of  animal  ^laiv^fg.*"^ 
matters  in  the  open  fire;  an  operation  which,  it  is  now 
well  known,  entirely  changes  their  nature  and  compofi- 
tion.  It  is  to  this  fcience,  therefore,  when  it  put  on  a 
miore  modern  and  philofophic  form,  that  we  are  to  look 
back  for  the  firft  traces  of  a  more  judicious  method  of 
analyzing  thefe  fubftances ;  and  we  are  indebted  to  Mar- 
graaf,  Rouelle,  Prcuft,  Macquer,  Scheele,  and  Berg- 
mann,  for  offering  us  a  more  extenfive  view,  and  a 
deeper  infight  into  the  principles  that  compofe  them. 

The  advantages,  likewife,  which  a  knowledge  of  the  New  me* 
different  gaseS  prefented  to  the  chemift,  and  that  flow  of  ' 
light  which  the  new  French  chemical  revolution  had  ex- 
panded over  a  variety  of  phenomena  hitherto  obfcurely 
explained,  or  totally  overwhelmed  in  darknefs,  enabled 
the  chemift  to  purfue  a  different  rout  from  what  had 
been  before  attempted  5  and  for  the  prefent  appearance 
of  animal  analyfis,  although  ftiH,  in  a  very  imperfe6l 
ftate,  we  muft  have  recourfe  to  the  indefatigable  induftry, 
and  the  numerous  and  well  conducted  experiments  of 
Fourcroy,  Marqueron,  Vauquelin,  Parmentier,  Dey^uX/. 
Stipriaan,  Berthollet,  Pearfon,  Wollafton,  ^d  liaggitt. 

Forfaking,  or  at  leaft  not  relying  upon,  the  decompo-' 
fition  of  animal  fubftances  by  fire  alone,  according  tc 
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the  old  method,  later  chemifts  have  tried  the  effects  which 
thofe  chemical  agents  have  upon  them,  which  are  known 
by  the  name  of  reagents,  fuch  as  the  different  acids,  alkalis, 
alcohol,  &c. ;  and  they  have  been  fubmitted  to  the  fame 
operations  as  chemiftry  had  made  ufe  of  in  the  analyfis 
of  other  bodies,  fuch  as  fcparation  by  repofe,  expreflion, 
decantation,  and  filtration,  cither  of  thofe  fluids  which 
are  found  mixed  together,  or  contained  in  various  parts 
of  the,  more  folid  and  hard  animal  matter.  The  action 
they  have  on  the  colouring  parts  has  been  likewife  ob-» 
ferved  with  great  care,  the  different  changes  they  un- 
dergo at  different  temperatures,  the  animal  fluids  have 
been  evaporated,  and  the  different  falts  they  contain  have 
been  carefully  ex  trailed  from  them,  without  undergoing 
iny  alteration.  By  purfuing  thefe  methods  of  analyfis, 
the  above  chemiffs  have  made  fome  very  important  dif- 
coveries  in  the  animal  kingdom,  the  component  parts 
of  fome  of  it^s  matters  have  been  expofed,  a  difference 
has  been  found  between  animal  and  vegetable  fubftances, 
and  we  are  enabled  to  reduce  them  to  fome  fyfl;ematiG 
arrangement. 

It  is  by  the  new  method  of  analyzing  that  almoft  every 
difcovery  has  been  made  in  animal  fubftances,  and  to  it 
we  muft  have  recourfe  in  the  profecution  of  further  in- 
quiries, in  order  to  acquire  a  complete  knowledge  of  their 
^         properties  and  coinpofition. 
Tiifo  kinds      On  taking  a  general  view  of  the  aftion  of  chemica! 
ana  y  is.  ^^^^^  ^^  animal  fubftances,  the  means  by  which  their 
analyfis  and  decompofition  are  affe^led  are  either  natural 
or  artificial.     The  firft  comprehends  their  analyfis  by 
putrefaction;  the  fecond,  by  heat  and  by   chemical  re- 
agents. The  produ6ls  which  ultimately  arife,  and  the  new 
combinations  that  take  place,   are,  generally  fpeaking, 
vf  ry  fimilar,  and  the  principal  difference  between  them  is 
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perhaps  more  to  be  attributed  to  their  flower  or  quicker  d«t 
compolition,  than  tq  any  intervening  new  fpecies  of  matter. 

1 .  By  Putrefa(^ion,  or  their  fpontaneous  decompoli-  Namra:. 
tion,  vide  Putrefa(^ion. 

1 .  By  Heat.  The  a£lion  of  heat  either  accelerates  Artificial. 
their  decompolition  alone,  or  when  combined  with  other 
powers,,  giving  rife  to  new  combinations.  The  gentli^ 
heat  of  diilillation  firft  fends  over  an  aqueous  portion  from 
an  animal  fubftance,  with  Jt's  peculiar  aroma.  On  in- 
creafing  the  heat  gradually,  an  erapyreumatic  oil  arifes, 
at  firft  more  or  lefs  yellow,  at  laft  more  or  lefs  black,  ac- 
cording to  the  degree  of  heat ;  then  follows  volatile  al- 
kali in  it's  liquid  or  dry  ftate ;  and  when  the  heat  is  red 
or  exceflive,  the  aerial  fluids  are  obtained,  fuch  as  fixed 
air,  hydrogen  gas,  and  a  little  pure  air.  The  remaining 
portion  is  a  black  coal  of  difficult  incineration,  which  on 
being  lixiviated  afterward,  affords  falts,  fuch  as  the  phof- 
phatB  of  lime  and  foda.  During  this  procefs,  he  ani- 
mal  matters  undergo  a  total  decompolition,  and  the 
greater  part  of  the  produds  appear  to  be  new  combina- 
tions which  did  not  previoufly  exift  in  the  matters,  but 
are  formed  by  the  different  unions  of  their  component 
principles.  Of  the  manner  however  in  which  thefe  take 
place  there  are  feveral  opinions.  According  to  the 
phlogiftic  fyftem,  the  elements  of  animal  fubftances  are  According 
for  the  moft  part  pure  air,  phlogifton,  calcareous  earth  and  fy^Jem! 
water  ^  when  therefore  a  diftilling  heat  is  applied,  the^/r 
and  water  yield  firft  to  the  expanlive  force  of  the  iire,  and 
pnfequently  the  firft  produdts  are  principally  compofed 
of  thofe  two  elements  j  by  a  greater  degree  of  fire,  the 
phlogifton  is  feparated  fropi  the  earthy  matters,  and  with 
a  certain  proportion  of  air,  water,  and  earth,  forms  «//; 
th^voiaiile  alkali  arifes  from  the  compofition  pf  another 
part  of  the  phlogi^on,  and  from  as  much  of  it  as  can  be 
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united  with  water  by  means  of  a  little  of  the  earth  and 
air.     The  acid  liquors  2iVQ  produced  from  another  portion 
of  the  air  with  the  organic  elements^  whilft  ihejixed  air 
only  differs  from  the  latter  by  it's  air  being  combined 
with  a  Icfs  proportion  of  them  ;  in  the  infiammahk  gas 
there  is  lefs  air  and  more  phlogifton,  it's  being  of  the 
heavy  kind  arifes  from  oily  matter  being  diflblved  in  it; 
the  remaining  charcoal  confifts  of  the  relt  of  the  phlo- 
gifton, united  with  the  greatcft  part  of  the  earth ;  and 
finally,  the  phofphorus  was   ilill  to  be  accounted  for, 
although  it  was  confidered  as  a  compound  fubftancc. 
Accordine       According  to  the  antiphlogiftic  do(Slrinc,  the  origin  of 
to  the  new   thefe  produ6i;s  is  explained  in  a  different  manner.     La- 
voider  appears  to  have  entertamed  two  opinions  refpect- 
ing  their  formation,  one  of  which  he  afterward  aban- 
doned, but  as  it  was  only  the  prelude  to  a  more  fatisfac- 
tory  method  of  explanation,  it  will  be  neceflary  to  men- 
tion it.     Berth ollet  and  Fourcroy,  and  the  other  French 
chemifts^  were  of  the  fame  opinion.     Animal  fubftances 
they  affcrt  contain  neither  water,  carbonic  acid  gas,  nor 
empyreumatic  oil  already  formed  in  their  compofition, 
but  only  their  elements  ;   a  degree'of  heat  a  httle  above 
boiling  water  is  fufficient  to  unite  the  hydrooen  with  the 
oxygen,  and  form  water,  and  the  hydrogen  and  carbon  to 
form  oil,  whiift  the  azot  and  hydrogen  produce  the  vola- 
tile alkali.     In  thefe  fubftances,  as  well  as  in  vegetables, 
the  carbon,  Lavoifier  afterts,   is  in  excefs,  which  is  the 
principal  caufe  perhaps  of  their  a<9:ion  on  water;  the  car- 
bon in  excefs  attrafts  the  oxygen  of  the  water  and  forms 
carbonic  acid  gas,  whiift  a  portion  of  the  hydrogen  be- 
coming free,  is  difengaged,  or  combines  with  the  carbon 
to  form  oil,  or  with  azot,  and  forms  ammonia. 

Afterward  Lavoifier  formed  a  new  theory.    He  afterts, 
that  three  of  the  principles,  viz,  hydrogen  and  oxygen 
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s^nd  azot,  have  a  great  tendency  to  unite  with  the  matter 
of  heat,  and  take  the  form  of  gas,  whilft  the  carbon  is  a 
fixed  principle,  and  has  very  httle  affinity  with  the  matter 
of  heat,  particularly  v/hen  united  with  phofphoric  acid. 
If  the  temperature  to  which  the  fubftance  is  expofed  in 
diftillation  does  not  much  exceed  that  of  boiling  water^ 
the  hydrogen  and  oxygen  unite  to  form  water,  which  pafles 
over  into  the  receiver.  A  portion  of  the  hydrogen  and  of 
the  carbon  alfo  unite  and  form  the  empyreumatic  oil,  which 
is  more  or  lefs  dark  coloured,  according  to  its  quantity  of 
carbon,  whilft  another  part  of  the  hydrogeji  unites  with 
the  azot  and  forms  the  arrimonia. 

But  if  inftead  of  a. heat  nearly  equal  to  boiling  water, 
a  red  heat  be  applied  to  an  animal  fubftance,  water  is  no 
longer  formed,  or  that  water,  if  generated  by  the  firft  ef- 
fe6l  of  the  heat,  is  decompofed,  the  oxygen  unites  with 
the  carbon  to  which  it  has  a  greater  affinity  at  this  de- 
gree of  heat,  and  forms  carbonic  acid  gas,  and  the  hydro- 
gen being  difengaged  either  unites  with  the  azot  to  form 
ammonia,  or  part  of  it  uniting  with  the  matter  of  heat 
efcapes  in  the  form  of  hydrogen  gas.  At  this  degree  of 
heat  no  oil  is  formed,  or  if  formed  would  foon  be  de- 
compofed. The  phofphorus  remaining  combined  with 
the  carbon  renders  it  fixed  and  difficult  of  incineration. 
Such  are  the  general  products  and  explanation  of  the  de- 
Gompofition  of  animal  fubftances  by  heat. 

We  are  however  informed  of  other  produfts  having 
been  found  during  this  procefs  of  diftillation,  thus 
Berthollet  found  a  peculiar  acid,  viz.  the  zoonic,  and 
when  animal  fubftances  have  been  fubmitted  to  a  very 
ftrong  degree  of  heat,  it  gives  rife  to  the  formation  of  the 
pruflic  acid,  and  even  phofphorus. 

2.  By  reagents. 

The  blue  colours  of  vegetables  are  changed  to  a  green 
by  the  principal  fluids  of  animals,  from  their  containing 
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foda.  Water  by  the  aid  of  heat  extracts  the  gelatin  an4 
coagulates  the  albumen  of  animal  matters,  whiift  the 
fibrin  remains  behind.  The  principle  of  tan  precipitates 
the  gelatin.  Acids  when  diluted  coagulate  the  albuminous 
part;  unite  with  the  foda,  with  which  they  form  a  neutral 
fait;  difengage  the  lime  by  decompofing  the  phofphat  of 
that  earth,  and  form  with  it  an  earthy  fait  according  to 
the  nature  of  the  acid  employed.  They  Hkewife  unite 
with  the  oily  parts.  If  the  fulphurlc  acid  be  ufed,  the 
fubftance  becomes  blackifli;  if  the  nitrous,  it  takes  a 
yellowiih  hue ;  and  if  the  latter  acid  be  affilted  by  a  (light 
elevation  of  temperature,  it  is  fufficient  even  in  it's  weak- 
eft  ftate  to  difengage  the  azot  in  the  form  of  gas..  When 
in  their  concentrated  ftate  the  acids  decop:ipofe  animal 
fubftances  by  their  corroding  or  cauilic  property,  and 
jduring  this.aftion  new  compounds  are  formed. 

The  fulphuric  acid  attra(fts  their  aqueous  part,  or  if  this 
te  in  fmall  quantity,  a  feparation  of  their  principles  takei 
place,  the  a2ot  unites  with  a  portion  of  hydrogen,  an4 
forming  volatile  alkali,  coinbixies  with  the  fulphuric  acid, 
or  with  a  vegetable  acid,  which  according  to  Vauqueliq. 
and  Fourcroy  is  a  new  production,  whilft  another  part  of 
the  hydrogen  forms  with  the  oxygen  that  water  which  is 
requifitii  to  faturate  the  Mphuric  acid  ;  at  the  fame  time 
the  quantity  of  carbon,  which  exceeds  that  required  with 
the  hydrogen  and  oxygen  to  compofe  the  new  acid,  re- 
mains in  the  form  of  a  black  coal,  or  if  the  fubftance  be 
in  a  liquid  ftate,  in  the  form  of  flocks  or  black  powder. 
During  this  procefs  there  is  no  evident  efcape  of  any  vo* 
)atile  principle. 

The  a,6lion  oi  nitric  acid  on  animal  fubftances  is  firft  to 
difengage  the  azot  gas  from  them,  they  become  yellow, 
and  there  arifes  on  their  furface  k  kind  of  cryftallizable, 
inflammable,  and  bitter  varni(h  ;  at  the  fame  time  there 
^  an  adipofe  fubftance  formed,  which  fwims  on  the  top 
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mh&n  the  mixture  is  become  liquid,  the  carbonic  and 
pruflic  acids  arife  in  the  form  of  elaftic  fluids,  ammonia 
js  produced  which  faturates  the  nitrous  acid  in  part,  and 
the  fubftances  thus  reduced  to  a  vegetable  ft  ate  are  found 
in  the  portion  which  remarns  fixed  and  liquified  with  the 
nitric  acid,  converted  into  oxalic  acid,   and  fometime?, 
into  the  mucous  and  acetous  acids.     Another  portion  of 
the  animal  fubftance  forms  water,  which  is  either  reduced 
to  a  vapour  or  dilutes  the  falts  and  acids.     In  this  account 
of  animal  decompofition  by  the  nitric  acid^  each  fubftance 
is   diftinguiihed  and  chara.cierized  by  different  refults  } 
one  affords  a  great  deal  of  azot  gas,  little  ammonia,   and 
much  yellow  and  fat  matter ;  another  gives  little  fat,  and 
an  abundance  of  vegetable  acids ;  a  third  a  deal  of  pruflic 
acid  5   in  a  fourth  the  mucous  or  faccholaftic  acid  formed 
is  very  abundant,  whilft  others  do  not  even  ftjow  a  fingle 
trace  of  it.  Some  likewife  difengage  a  great  deal  of  carbo* 
nic  acid  gas,  others  decompofe  a  great  quantity  of  nitrous 
acid  during  their  decompofition ;  whilft:  others,  on  the 
contrary,  fufFer  their  bond  of  compofition  to  be  diflx)lved 
on  the  leaft  contact  of  a  fmall  proportion  of  this  acid. 
It  is  by  thcfe  differences  that  the  e^ert  chemift  may 
judge  of  thofe  which  characterize  the  different  animal 
matters. 

The  muriatic  acid  when  combined  v/ith  heat  and  ap- 
plied to  animal  fubftances  difengages  the  azot  and  hy- 
drogen forming  ammonia,  which  by  uniting  with  the 
muriatic  acid  gives  muriat  of  ammonia,  and  hydrogen 
gas  is  likewife  extricated  towards  the  end  of  the  procefs. 

Neither  the  fulphuric  nor  muriatic  acid  a6ls  with  fuch 
energy  on  animal  fubftances  as  the  nitric  acid  fufticiently 
concentrated  ^  and  the  reafon  why  azot  gas  is  extricated  in 
the  latter  cafe,  whilft  it  unites  -with  hydrogen  in  the  form 
of  ammonia  in  the  former  two,  is  conjeftured  to  arife  from 
^e  neceflity  of  heat,  fo  that  the  azot  is  in  fimilar  circum- 
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(lances  as  when  the  animal  fubftance  is  diftilled,  in  which 
it  combines  with  the  hydrogen ;  one  part  of  the  hydro- 
gen is  obliged  to  take  an  elaftic  ftate. 

It  is  neceflary  to  obferve,  that  with  the  fulphuric  acid 
very  httle  carbon  remains,  but  a  large  quantity  of  carbo- 
pic  acid  gas  is  obtained ;  whilft  with  the  muriatic  acid, 
fince  there  remains  a  much  larger  proportion  of  carbon, 
it  is  to  be  prefumed  that  very  Uttle  carbonic  acid  gas  is 
difengaged.  iJH 

J/kalis,  when  in  their  mild  flate,  unite  with  anima^^ 
acids,  forming  with  them  peculiar  neutral  falts.  When 
in  their  cauftic  ftate,  Berthollet  affirms,  they  diflblve  ani- 
mal fubftances,  by  which  their  cauftjcity  is  taken  away  ; 
but  according  to  Fourcroy^  the  difagreeable  putrid  odour 
which  Berthollet  obferved  proves  that  fomething  eife 
takes  place  befides  a  fimple  combination.  He  therefore 
concludes,  that  when  animal  matters  are  put  into  a  ftrong 
cauftic  alcaline  ley,  ammonia  and  caloric  are  both  difen- 
gaged ;  that  in  proportion  as  this  ammonia  is  formed  the 
animal  matter  lofing  thereby  five  times  a  greater  quantity  of 
azot  than  of  hydrogen,  contains  in  union  with  the  alkali 
much  more  hydrogen  than  before,  and  thus  contracting 
an  oily  charader,  it's  alkaline  combination  is  a  real  foap. 
Acids  dccompofe  it  and  feparate  a  concrete  brown  oil  from 
it,  whilft  earthy  and  metallic  folutions  form  earthy  and 
metallic  faponaceous  precipitations. 

Lime,  barytes,  and  ftrontian  earth  a6b  in  the  fame 
way,  but  with  lefs  energy. 

The  calces  of  metals  and  metallic  falts  are  likewife 
powerful  cauftics,  but  their  action  conlifts  in  parting  with 
their  oxygen  and  forming  a  combuftion,  ^asaiteeJr,  vide 

Alcohol  precipitates  the -albumen  in  the  form  of  a  coa- 
gulum  and  extracts  their  refinous  parts.  Animal  fub- 
(lances,  when  reduced  to  fuch  a  ftate  as  only  to  have  their 
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ialine  and  earthy  parts  left,  are  finally  examined  dike  other 
faline  and  earthy  bodies,  which  it  is  perhaps  unneceflary 
to  mention  in  their  general  analyfis. 

Encyclopedie  Methodique,  article  Jrtalyfc, — BerthoUet 
fur  la  nature  des  fubftances  animales,  Mem.  de  I'Acad, 
royale,  an.  1784.— Ker's  Di3:ionary  of  Chemiftry,  1  Part 
p.  186,  19-1,  193,  Birmingham,  J  7  89. — Lavoifier,  Re- 
^exion§  fur  la  decompofitjon  de  I'eau  par  les  fubftances 
vegetales  et  animales.  Mm.  de  I'Acad.  p.  540,  an,  1786. 
---Of  the  fpoDtaneous  a6lion  of  concentrated  fulphuric 
acid  on  vegetable  an,d  animal  fubftances,  bv  Git.  Four* 
c.roy  andVauquclin,  Nicholfon's  journal.  No,  9.  p.  272. 
Jan.  1786. — Precis  d'obfervations  fur  I'analyfe  animals 
compare  a  I'aualyfe  vegltale,  par  M.  Berthollt^t.  Jour- 
nal des  Scavans^  T«  28.  p.  272.  Jan.  1786. 

FLUIDS. 

Jn  givir/g  an  account  of  the  different  parts  of  the  ani- 
mal body,  it  might  perhaps  appear  more  fyftematic' to 
defcribe  them  according  to  the  priority  of  their  forma- 
tion ;  but  this  can  only  be  doiie  with  refpeft  to  a  few. 
Thus  it  may  be  faid,  that  the  fluids  are  fprmed  before 
the  folids  j  the  fojids  before  the  hard  parts  ;  and  the  laft 
before  the  external  parts  ;  but  it  would  be  difficult  to  pro- 
ceed further  without  much  uncertainty  :  this  rule,  how- 
ever, ought  to  be  obferved  as  nearly  as  poflible.  The 
various  ufeful  fluids  of  the  animal  body  appear  to  be  much 
lefs  in  quantity  than  the  folids  ;  and  although  iGaubius, 
as  well  as  Cullen,  was  of  opinion  that  they  are  formed  from 
the  folids,  modern  authors  have  revcrfed  the  dodlrine, 
and  have  defended  the  old  fyftem  of  Harvey_,  by  affert- 
ing,  it  is  from,  the  fluid  blood  that  all  the  remaining 
fluids,  as  well  as  folids,  derive  their  origin.  The  ufeful 
.  iluids  which  have  been  fubmitted  to  chemical  analyfis, 
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may  be  divided  into  eggs,  the  blood,  and  its  different 

^  fee  re  lions. 

J^ffS'-  ^2S^' — It  is  in  the  egg  that  we  mud  look  for  the  com- 

mencement of  vital  organization  ;  but  little  is  known  of 
its  developement,  or  the  progrefs  which  the  embryo 
makes  as  it  verges  towards  perfe6lion.  Eggs  may  be 
diftinguiflied  into  two  diflferent  kinds.  1.  Thofe  defended 
by  a  hard  external  covering,  called  the  (hell,  as  the  eggs 
of  birds.  2.  Thofe  which  are  only  provided  with  a 
tou^h  membranous  covering,  as  the  eggs  of  different 
fnakes,  and  feme  of  the  oviparous  quadrupeds. 

The  eggs  of  birds,  which  are  the  only  kinds  that  have 
undergone  any  chemical  inyeftigation,  are  compofed  of 
four  parts,  viz.  1.  A  bony  (hell.  2.  A  membranous  pel- 
licle. 3.  The  white  j  and  4.  the  yolk.  With  refpeft 
to  the  1 .  and  2.  they  will  be  mentioned  arnongft  the  hard 
and  folid  parts. 

The  White.       j^jy.  white  or  albuminous  part.     This  part  of  the  egg  is 

Keuraann.  a  thickidi,  tranfparent,  adhefive,  vifcid  fluid.  Neumann 
ranked  it  among  the  gelatinous  fubftances,  as  poffefling 
their  vifcid  and  glutinous  quality,  but  although  like  the 
gelatins  it  is  capable  of  being  ufed  as  a  cement  for  glafs 
and  earthen  ware,  he  thought  it  differed  very  materially 
from  the  other  fubftances  of  that  kind,  at  leaft  from  thofe 
extracted  from  the  folid  parts  of  animals,  in  being  not 
foluble  but  hardened  in  boilins;  water.  This  coagoilation 
by  heat  is  fince  found  to  be  one  of  the  diftinguidiing 
characters  of  the  white  of  the  egg,  by  which  it  forms 
with  feveral  other  animal  matters,  particularly  the  ferum 
of  the  blood,  a  diftinCl  genus,  for  which,  vide  albumen, 

Propcti(s        jhe  white  of  the  effsr   changes  the  fyrup  of  violets 

of  the  white,  .  .  °^  ^  .  . 

green  from  its  difengaged  foda.  It  is  foluble  in  cold 
water,  although  it  does  not  eafily  mix  with  it,  on  account 
of  its  vifcidity ;  thus  10  parts  of  water  diffolve  exactly  one 
part  of  white,  and  acids  and  alcohol  precipitate  it  again 
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in  thejbrm  of  coagula,  as  in  milk.  With  aerated  water 
the  folution  is  iniperfe6l,  and  the  white  from  being  per- 
fe(SlIy  tranfparent  forms  a  few  white  ftreaks,  or  becomes 
turbid,  according  to  the  quantity  of  air  contained  in  the 
water. 

Water  when  heated  coagulates  the  white,  before  it 
comes  to  the  boiling  point ;  according  to  Fourcroy  this  . 
takes  place  at  150°,  but  according  to  Leonhardi  at  160° 
of  Fahr'.  In  this  flate  it  has  loft  it's  tranfparency,  is  of 
41  milk  colour,  and  is  now  entitled  to  the  name  of  white  of 
egg  with  great  propriety ;  it  is  alfo  found  to  be  more  or 
lefs  hard  according  to  the  degree  of  heat  applied  ;  thus  it 
IS  harder  when  boiled  in  fait  than  in  frefli  water,  and  ftill 
more  fo  in  oils.  It  has  alfo  loft  fome  of  its  weight,  for 
Hoffmann  informs  us  that  a  hen's  egg  of  2  oz.  1  drachm 
(/.  ^.  fhell  little  more  than  1  drachm;  yolk  A  oz.  and 
white  1  4-  oz.)  on  being  hard  boiled  loft  1 1  drachm,  whilft 
Neumann  found  that  6  drachms  25  grains  of  this  coagu- 
lated white  afforded,  on  being  exliccated,  only  55  grains. 

Although  pure  albumen  is  not  foluble  in  boiling  water, 
yet  according  to  Fourcroy  the  proportion  of  water  di- 
minifties  the  tendency  of  the  white  to  coagulation  or  fo- 
Udity,  by  preventing  the  near  approach  of  the  particles  ; 
thus  if  it  be  beaten  with  about  one  half  it's  weight  of 
water  and  then  boiled,  a  much  lefs  hard  mafs  is  obtained 
than  if  none  had  been  ufed;  and  he  affirms  with  Scheefe, 
that  if  the  quantity  of  water  be  greater,  as  for  inftance, 
if  it  be  mixed  with  10  parts,  it  is  even  foluble  in  boiling 
water,  in  which  the  combination  refembles  ikifnmed 
milk  or  butter  milk,  a  fluid  formed  for  the  moft  part  of 
water  and  albumen  in  a  particular  ftate,  acids  added  coa- 
gulate it  again  as  in  milk.  When  eggs  are  frefh  laid  they 
are  not  fo  eafily  coagulated  as  others.  White  of  the 
ugg'when  left  to  idelf,.  and  expofed  to  a  moift  warm  air,» 
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vtfy  foon  becomes  thinner  and  thinner. until  It  is  putrid  .''' 
it  then  refcrnblcs  urine  in  fmell. 

The  white  on  being  expofed,  a  few  days  during  fu 
mcr,  to  the  fun,  Neumann  found  was  converted  into  2 
dry  and  hard  m'afs  refembling  in  confidence  and  tranfpa- 
rency  yellowifh  gum  arabic_,  and  when  fmeared  on  a 
piece  of  paper  or  other  fubftance  by  means  of  a  brufliy 
it  gives  it  a  tranfparent  varnifli  like  that  gum,  when  dry; 
Neumann  found  that  ten  drachms  of  the  white  was  re- 
duced on  dryino;  to  2{-  drachms;  this  change  and  lofs/3|ii. 
t\Tight  is  attributed  to  it's  being  deprived  of  it*s  watery 
tv'hich  Cartheuferaffirms  compofes  nine  parts  of  it.  When 
dried  it  is  ftill  foluble  in  cold  water>  and  forms  the 
fame  vifcous  fluid  as  before.  By  diflillation  in  a  water-! 
bath  nothing  is  obtained  but  its  water,  and  in  proportion 
as  it  lofes  this,  it  becomes  harder  and  of  a  reddilh  yellowish 
colour,  and  refombles  horn.  If  it  has  been  previoufly 
coagulated  it  recovers  it's  tr^nfparency.  Expofed  on  the 
open  fire  in  a  retort,  to  a  ftrong  heat,  there  comes  ove/ 
a  ftinking  empyreumatic  oil  with  a  great  quantity  of  vo- 
ktile  alkali,  and  a  coal  remains  as  in  other  animal  fub- 
ftances. 

By  fublimatlon  Deyeux  obtained  a  little  falphur  front 
It.  Acids  coagulate  it.  Scheele  has,  however,  obfefved 
that  very  dllnted  acids  diflblve  it  at  the  boiling  point, 
and  it  is  again  precipitated  by  them  in  their  concen- 
trated ftate. 

It  is  diflblved  by  cauftic  alkalis  and  lime  water,  and 
precipitated  from  them  again  by  acids ;  as  this  takes 
place  an  hepatic  fmell  arifes,  and  the  vapours  blacken 
filver  and  faccharum  faturni.  Cheefe  having  the  fame 
properties,  Scheele  looked  upon  this  matter  to  be  cheefe 
in  it's  pure  ftate.  With  lime  it  forms  a  very  hard  cement. 

Metallic  oxyds,  according  to  Fourcroy,  as  thofe  of 
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mercury  (which  do  not  form  a  very  ftrong  union  with 
oxygen) ,  thicken  it  on  being  agitated  with  it^  whilft  the 
oxyd  ,,fe«e«me9 -horn  j'^iri  twenty- four  hours  the  white 
was  found  foHd,  and  the  oxyd  almoft  black. 

On  digeftion  with  iron  it  is  faid  to  diflblve  a  fmall  por- 
tion of  it. 

Alcohol  coagulates  it,  but  fooneft  when  warm. 

With  refpe^t  to  the  caufe  of  the  coagulation  of  the  Caufe  of 
white  of   the    egg,    there   has    been  feveral   opinions,  of  fh'e*  ^ 
Scheele  thought  it  arofe  from  caloric  or  the  matter  of '^'^^^** 
heat.    WalTerberg  that  it  arofe  from  be^ng  deprived  of  it's 
water,  as  is  the  cafe  when  it  is  heated  with  alcohol,  at  the 
fame  time  he  thought  a  fpecific  aftringent  powder  was  like- 
wife  neceflary.    Fourcroy  is  of  opinion  that  it  arifes  from 
the  combination  of  oxygen  which  is  favoured  by  the  heat 
produced.     He  divided  the  white  of  an   egg  into  two 
equal  parts,  to  the  one  he  added  a  folution  of  carbonate 
of  potafh,  to   the  other  cauftic  potafli,  and   he   found 
that  fulphuric  acid  joined  to  the  firft  produced  no  coagu- 
lation, but  formed  a  thick  coagulum  on  being  added  to  the 
other  ;  hence   he  affirms   that  the   fulphuric  acid  when 
mixed  with  the  liquid  albumen  difengages  a  great  deal  of 
caloric  from  it,  which  by  favouring  the  intimate  combina- 
tion of  the  oxygen,  produces  the  coagulation.     This  ef- 
fect is  ftill  increafed  by  the  cauftic  potafli,  which  unfolds 
much  more  caloric  than  the  white  itfelf  does,  and  be- 
lides  by  abforbing  the  fulphuric  acid  and  preventing  it*s 
union  with  the  albumen,  the  potafh  proves  that  it  is  the 
impreffion  only  of  the  caloric  that  gives  rife  to  the  con- 
cretion :    when,    on   the   contrary,  the  white  is  mixed 
with  the  carbonate  of  pota(h  in  folution,  the  fulphuric 
acid  joined  in  the  mixture,  attacking  the  fait,  difengages 
the  carbonic  acid,  which  takes  away  the  caloric  and  is 
volatilized  to  the  Rate  of  gas  ;  the  white  therefore  ought 
not  to  undergo  any  alteration^  and  in  fa6l  it  remains 
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without  being  coagulated.  From  thefe  and  other  fa.S:S; 
as  that  of  it's  beuig  coagulated  by  oxyds,  Fourcroy 
feems  to  Tuppofe  oxygen  to  be  the  grand  principle  of 
coagulation  in  the  white.  Againft  this  chemift,  how- 
ever, Corradori  brings  other  experiments.  He  covered 
the  white  of  a  very  frelh  e^g  with  ohvc  oil,  and  expofed 
it  to  a  heat  of  boiling  water,  and  found  the  coagulation 
took  place  as  if  in  the  open  air,  although  no  air  had  the 
leall  accefs  to  it,  or  any  elaflic  air  raifed  the  oil  in  order 
to  efcape,  fo  that  no  decompofition  of  the  water  took 
place.  He  is  alfo  of  opinion,  that  oxygen  gas  is  not 
even  abforbed  by  the  white.  He  put  fome  white  into  a 
branch  of  a  crooked  tube,  and  plunged  them  into  boil- 
ing water.  The  white  foon  coagulated,  and  the  water 
in  the  open  branch  being  always  at  the  fame  level, 
proved  thcrre  was  no  condenfation  of  air,  aind  the  con- 
folidated  white  had  juil  the  fame  volume  as  when  in  a 
liquid  flate.  He  remarks,  that  the  coagulation  always 
begins  in  that  part  which  is  the  moft  diftant  from  the 
air,,  or  at  the  bottom  of  the  veflel.  His  opinion  is,  that 
it  arifes  from  a  change  produced  by  the  folvent  power  of 
the  caloric,  in  the  difpofition  of  the  integrant  parts  of 
the  white  to  obey  the  force  of  cohefion. 

InfpifTated  Hatchctt  has  made  fome  experiments  on  infpijfated  aU 
humeri.  He  informs  us,  that  as  the  albumen  of  the 
blood  is  mixed  with  gelatin  and  fibrin,  and  as  it  is  with 
fome  difficulty  that  the  albumen  can  be  feparated  ex- 
a6lly  from  thefe  fubflances,  he  preferred  that  of  eggs,  as 
being  pure  and  unmixed,  arid  in  order  that  it  might  be 
brought  into  a  flate  in  fome  meafure  fimilar  to  fome 
fubftances  which  he  had  examined  (for  which  viie  Bone) 
he  dried  it  after  coagulation,  in  a  veflel  which  was  heat- 
ed to  212  of  Fahrenheit,  until  it  became  perfe(?tly  hard> 
brittle,  yellow,  and  femitranfparent  like  horn. 

1,  After  digeftion  of  a  few  hours^  the  tranfpareu| 
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horny  pieces  of  albumen  were  foftened^  and  became 
white  and  opake,  exa6lly  Uke  albumen  recently  coagu- 
lated. At  the  end  of  eight  days,  the  water  exaftly 
refembled  that  afforded  by  quill,  nail,  and  tortoife-fliell ; 
for  tanning  principle  had  no  effeft,  although  nitro- 
muriatof  tin  produced  a  faint  white  cloud.  The  reverfe 
of  this  takes  place  in  recent  liquid  albumen,  for  if  the 
infufion  of  oak  bark  be  added  to  it  in  that  ftate,  it  im- 
mediately forms  a  precipitate,  and  nitro-muriat  of  tin 
does  not  produce  any  effect  till  fome  hours  have  elapfed* 

2.  By  diftillation,  the  coagulated  dry  femitranfparent 
albumen  afforded  fimilar  refults  to  thofe  mentioned  (in 
the  art.  hone)  as  obtained  from  tortoife-fliell,  &c. 

3.  A  fpongy  coal  of  difficult  incineration  remained. 
That  which  was  foluble  in  water,  and  which  was  by 
far  the  mofl  confidcrable,  confided  principally  of  car- 
bonat,  mixed  with  a  fmall  quantity  of  phofphat  of 
foda,  the  reft,  as  far  as  fo  fmall  a  quantity  could  be 
afcertained,  proved  to  be  phofphat  of  lime. 

4.  When  fteeped  in  dilute  nitric  acid,  in  about  four 
weeks  the  acid  began  to  be  tinged  yellow,  which  gra- 
dually became  deeper  in  three  months,  however  the 
albumen,  although  lefs  tranfparent,  w^as  but  little  di- 
minifhed.  The  yellow  acid  folution,  xvhen  faturated  with 
ammonia,  changed  to  a  deep  orange  colour,  and  re- 
mained tranfparent. 

5.  The  albumen,  thus  fteeped,  was  immediately  im- 
merfed  in  an^monia,  which  changed  it  to  a  deep  orange, 
inclining  to  a  blood  red,  and  by  degrees  entirely  diffolved 
it ;  the  folution  was  of  a  deep  yellowiOi  brown. 

6.  If  the  albumen,  inftead  of  beihgimmerfed  in  am- 
monia, vvas  wafiicd,  and  then  boiled  in  diitilled  water, 
it  was  diffolved  and  formed  a  pale  yellow  liquor,  which 
by  evaporation  formed  a  gelatinous  mafs ;  this  being 
diffolved  again  in  boiling   water  was  (like  gelatin)   prc- 
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cipitatcdby  the  tanning  principle,  and  more  (lowly  by 
ni  ro-murial  of  tin. 

7.  By  concentrated  nitric  acid,  or  by  the  dilute  when 
heated,  albumen  was  fpecdily  diirolved  with  much  effer- 
vefceiice,  an^  a  copious  difcharge  of  nitrous  gas. 

8.  This  folution  was  like  that  of  tortoife-lhell  and 
the  other  fubftances  (art.  bone). 

g.  When  evaporated  it  afforded  fimilar  refults. 

10.  Albumen,  like  tortoife-ihcll,  quill,  and  nail,  was 
diiTblvcd  by  boiling  lixivium  of  cauftic  potaih,  and 
formed  animal  foap. 

11.  In  like  manner  alfo  a  confiderable  portion  of 
ammonia  was  difcharged,  and  if  the  alkali  was  in  excefs,, 
fome  coal  was  depofitcd. 

12.  The  animal  foap  obtained  from  albumen,  when 
diflTolved  in  water,  yielded  a  precipitate  by  the  additioij 
of  acetous  or  muriatic  acid;  and  the  precipitate  was  re- 
dilTolved  when  the  acid  was  added  to  excefs. 

13.  This  precipitate,  when  collected  on  a  filter,  ap- 
peared more  faponaceous  and  lefs  vifcid  than  that  ob- 
tained from  the  fubftances  art.  bone ;  for  this  precipi- 
tate when  obtained  from  hair,  wool,  and  mufcular  fibre, 
appeared  in  fome  cafes  more  and  in  others  Icfs  vifcid,*  al- 
though fimilar  in  every  other  property.  When  gently 
heated,  fome  oil  flowed  from  it;  after  which,  a  brown- 
ifl^  vifcid  fubftance  remained,  fimilar  in  il*s  properties 
fa  that  obtained  from  the  animal  foap  made  by  tortoifc- 
Ibell,    &c. 

14.  Pie  found  that  infpiffatcd  albumen,  long  boiled 
with  diflilled  water,  was  appar^itly  diminifhed  ;  but 
the  water  (like  that  in  which  tortoife-fliell,  quill,  o-r 
nail  has  been  boiled)  had  acquired  the  property  of  be- 
coming white  and  turbid,  when  nitro-muriat  of  tin 
v^ai  added,  although  it  was  not  changed  by  the  tanning 
principle.     Likewife  the  water  in  which  albumen,  or 
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tnrtolfe-fhell^  or  nail^  had  been  boiled,  became,  in 
ibme  meafure,  putrid,  in  a  few  days,  &nd  emitted 
an  offenlive  fmell.  He,  however,  does  not  look  upon 
this  as  a  proof  that  any  gelatin  had  been  feparated 
from  thefe  bodies  by  means  of  boiling  water,  but 
rather  that  infpiflated  albumen,  tortoife-fhell,  &c.  are 
fubftances  really  foluble,  although  in  fo  flight  a  de- 
gree as  to  approach  infolubility ;  and  that,  thus,  the 
prevalent  opinion  has  arifen  concerning  the  infolu- 
bility of  coagulated  albumen  in  boiling  water.  It 
does  not  putrefy  in  it's  infpilfated  femitranfparent 
ftate. 

Albumen,  when  merely  coagulated,  does  not  eafily 
putrify,  for  Hatchett  kept  it,  when  it  was  foft,  white, 
and  coagulated,  in  water  for  a  month,  without  it's  be- 
coming putrid ;  but  that  which  has  not  be^n  coagulated, 
but  diluted  with  water,  foon  putrefies. 

Berth ollet,  by  means  of  the  nitrous  acid,  extracted 
from  the  white  a  fat  mattc-r,  and  feme  faccharine  acid. 

Tolk. — This  is  a  more  or  lefs  yellow  fluid,  which  in  it's  Yoiiw 
frefli  fliate  poflefles  the  central  part  of  the  white,  and  is  of 
«i  globular  form.  It  confifts  of  two  parts,  the  one  is  ah 
albuminous  matter  refembling  the  white;  hence  it  be- 
comes coagulated  and  hard  by  expofure  to  heat,  acids, 
or  alcohol,  but  lefs  fo,  than  the  white.  The  other  part 
is  a  mild  fat  oil,  which  appears  to  exifl:  in  the  yolk,  in 
the  fame  fl;ate  as  the  oil  in  the  feeds  of  fome  plants,  and 
it  is  this  oil  that  forms  a  very  fliriking  analogy  between 
the  eggs  of  animals  and  the  feeds  of  vegetables.  On 
thfs  account  the  yolk  is  not  entirely  foluble  in  water,  like 
the  white,  but  forms  with  it  a  milk  white  fluid,  which  is 
cdled  an  emulfion,  refembling  that  produced  from  *\^ege- 
table  feeds,  and  for  the  fame  reafon  it  difl^olves  oily  and 
tefinous  bodies,  and  makes  them  mifcibie  with  water.  It 
C  2 
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Hkewife  contains  a  confiderablc  quantity  of  water,  whick 
is  feparated  on  dillillation. 
It'scii,  To  obtain  this  oil,  there  are  two  ways  :  Firft,  by  ex- 

prcfiion.    The  yolk  mu(l  firft  be  deprived  of  it's  water, 
by  boiling ;    it  is  then  to  be  put  mUf  a  proper  veflel, 
upon  a  moderate  fire,  and  kept  ftirring  until  it  is  obferved 
to  become  fomewhat  fofter,  from  the  exuding  of  the  oil; 
this  is  then  to  be  prefled  out  from  th^  yolk,  by  putting 
it,  in  a  little  linen  bag,  between  two  warm  plates ;  by 
thefe  means  Crantz  found   that  fifty  eggs  afforded  five 
ounces   of  oil.     Secondly,  fince  the  heat  necelTary  for 
roafting  produces  a  change,  and  a  fmell.   Chandelier  has 
found  out  a  method  of  procuring  the  oil  in  a  more  per- 
fect ilatc,  and  in  larger  proportion,  without  the  aid  of 
fire.     Having  well  beaten  the  yolks,  he  put  from  two  to 
three  drachms  of  rectified  alcohol  to  each,  and  diluted 
the  mixture  with  ten  times  the  quantity   of  water,   iu 
which  he  fometimes   diiTolved   a  very  fmall  quantity  of 
alum ;  he  then  let  it  repofe  twenty-four  hours.     By  this 
method,  from  eight  yolks  he  obtained  six  drachms  of  oil 
of  eggs.  This  oil  is  of  a  yellowifli  colour,  of  a  fomewhat 
thickifh   vifcous  confidence,  mild   and  inlipid^    when, 
however,  it  is  procured  by  means  of  heat,  it*s  tafle  and 
fmell  are  flightly  empyreumatic.     It  foon  becomes  iixed 
in  the  cold,  and,  according  to  Hildebrandt,   it  readily 
turns  rancid.    What  remains  of  the  yolk  is  albumen, 
from  which,  the  lafl  chemifl  has  obferved,  a  liitle  gelatin 
may  be   extra6led  by  water.     The  yolk,  when  boiled 
with  caufticlixivium  of  potafli,  forms,  according  to  Hat- 
chett,  a  pale  olive  coloured  concrete  animal  foap,   vvhich 
when  diiTolved   in   water,  and  faturated  with  muriatic 
acid,  ;s  precipitated  in  the  ftate  of  mere  fat.     By  inci- 
neration, the  yolk  aPibrds  a  fmall  portion  of  thephofphats 
of  foda  and  of  lime. 
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The  yolk,  from  it's  oily  and  albuminous  nature,  is 
lifed  to  unite  oils,  and  oily  fubftances,  with  aqueous  fluids, 
forming  emulfionsy  as  they  are  called  in  medicine  ;  which 
likewife  forms  a  ftriking  analogy  between  eggs  and  the 
feeds  of  moft  vegetables. 

Eggs   are   commonly  preferved  by  packing   them  up  Prefeivation 
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very  clofe  in  bran,  fand,  fawduft,  and  other  fubftances  that 
do  not  admit  the  free  access  of  air  ;  the  yolk,  however, 
in  thefe  cafes,  fuffers  a  change,  by  becoming  harder. 
Neumann  kept  an  egg  perfedly  fweet  from  May  to  No- 
vember, in  fait  water  ;  and  Reaumur  found,  that  eggs 
may  be  kept  perfectly  fweet  for  years,  by  rubbing  them 
as  foon  as  laidy  with  oil,  or  other  un6luous  fubftances. 

Waflferberg,  examen  chemicum  ovi,  iti  the  colleft. 
Oper.  Med.  Fafe.  1.  p.  184.  Scheele  in  Crell's  neueft. 
Entd.  T.  viij.  S.  150.  Chandelier  in  Vandermonde's 
Journal  de  Medecine,  T.  16,  No.5,  p.  45.  Fourcroy, 
in  the  Encyclop.  Meth.  art.  albumen.  Experiences  et 
Obferv.  touchant  la  Caufe  de  la  Coagulation  d.e  PAl- 
bumine,  per  le  Do6l.  Carradori.  Anfangfgrunde  der 
Chemie  von  Hildebrandt,  T.  3,  1794.  Chemical  Ex- 
periments on  Zoophytes,  by  C.  Hatchett,  Efq.  F.  R.  S, 
Phl.Tranf.    1800. 

Blood. — ^Life,  it  is  well  knov/n,  depends  upon  a  fluid  Blond, 
which  circulates  through  certain  kinds  of  velTels  in  all 
animals,  and  which  the  ancients  very  properly  exprefled 
by  the  name  of  the  vital  fluid.  This  has  been,  at  all 
times,  the  fubjecl  of  inveftigation  ;  and  although,  from 
the  important  part  it  a£ls  in  the  general  economy,  by 
carrying  life  and  heat  even  to  the  utmoli:  extremities  of 
the  organized  machine,  there  is  no  fluid  which  requires 
^o  be  fo  thoroughly  underfl:ood,  or  demands  a  more  fe- 
rious  inquiry ;  the  nature  of  the  blood,  and  the  laws 
that  govern  it's  interior  movements,  in  performing  the 
oiflces  it  is   deflgned  for,   have,  at  prefent,    b^en  but 
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faintly  developed  ;  and  the  influence  it  has  over  the  am- 
inal  machinw*,  during  the  various  periods  of  exigence, 
may  be  even  looked  upon,  as  entirely  unknown. 
Twofpecics.  Phyfiologiftg,  from  the  difference  of  colour  of  the 
blood  in  various  animals,  have  diftinguiflied  it  into  two. 
kinds. 

1.  Red  blood,  which  circulates  in  the  arteries,  and 
veins,  and  other  parts,  of  the  mammalia  clafs,  birds, 
amphibious  quadrupeds,  reptiles,  and  fifh. 

2.  White  blood,  which  is  found  in  the  greater  part  of 
worms  and  infetSls,  and  has  not  yet  been  fubir.itted  ta 
chemical  analyfis. 

From  this  difference  of  colour  in  the  blood,  thofe 
animals  whofe  veiTels  contain  the  red  have  been  denor 
niinated  fanguineous;  and  thofe  containing  the  white^^ 
milky,  or  colourlefs  fluid,  exfanguineous  animals. 

The  name  of  blood  has  like  wife  been  ufed  in  a  ftill 
more  extenlive  point  of  view,  and  has  been  beftowcd 
upon  that  fluid  which  circulates  in  the  vefTels  of  plants. 
Firft  fpc-  The  firft  mentioned  fpecies  alone  has  yet  been  ana- 
lioo'/'  '^^  ^y^^d.  It  is  the  moft  important  fluid  in  the  body,  and 
as  to  it's  component  parts,  whatever  be  th?  diverfity  of 
the  animal,  whether  it  be  an  inhabitant  of  the  earth,  or 
of  the  water,  or  of  the  air,  nature  feems  to  have  followed 
the  fame  plan  ;  it  therefore  affords  no  chara6teriftic  mark 
whether  it  be  taken  from  the  human  body,  a  quad- 
•  ruped,  a  filh,  or  a  bird  ;  it  always  contains  the  fame 
component  parts.  It  is  fubjeft,  however,  to  conftant 
variety;  it  differs  greatly,  according  to  the  regions  through 
which  it  paf^bs  ;  it  fs  not  the  fame  in  the  arteries  and  iii 
the  veins,  in  the  flomach  and  in  the  region  of  the  liver, 
in  the  mufoles  and  in  the  gland-s.  It  differs,  according 
to  the  age,  the  fex,  the  temperament,  and  the  Rate  of 
healtli  and  difeafe.  It  is  this  variable  ftate  of  the  blood, 
<^iaiiging  in  the  proportions  ajid  modifications  of  it's 
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/  eondituent  parts,  every  moment,  even  in'the  fame  fub-: 
jc6l,  that  is  the  great  obdacle  towards  arriving  at  a  per- 
fed:  knowledge  of  it's  nature  and  efFetSls,  and  deter- 
mining, by  modem  difcoveries  and  chemical  analyfis,the 
alterations  it  undwrgoes  from  the  aftion  of  dlfeafc. 

Blood,  as  it  flows  from  the  veflels  of  a  healthy  ani-  ^''s  proper. 

ties, 
mal,  appears   to  be  a  red  homogenous  fluid  5  but,  exa- 

amined  by  the  microfcopc,  fmall  flat  balls  aredifcovered, 
fwimming  in  a  thin,  fomewhat  yellowifli,  liquid  ;  and 
this  is  more  particularly  to  be  obfervcd  as  it  circulates  in 
jihe  veins  of  a  living  animal. 

It  differs,  however,  in  colour,  according  to  the  part 
ft-om  which  it  comes ;  thus,  in  the  arteries  it  inclines  to 
a  bright  vermilion  colour,  whilft,  ii^  the  veins,  it  is  of 
a  deep  purple.  Even  in  the  extremities  of  the  fyftcm, 
the  blood  of  an  artery  is  red,  and  that  of  a  vein  dark 
coloured  j  fo  that  furgeons  are  able  to  diftinguifli  arteria^ 
from  venous  haemorrhages.  The  blood  coughed  up  from 
the  lungs  is  florid,  whiill  that  of  the  womb,  of  flnufes, 
of  varices,  and  of  all  flagnant  veins,  is  black  and  offen^ 
five.  The  face  is  livid,  in  apoplexies,  fl.rangulations, 
drowning,  in  fits  of  paflion,  or  coughing,  or  in  any  acci^- 
dent  that  interrupts  the  circulation  through  the  lungs* 
The  face  of  a  child  is  completely  black  during  the  pa^ 
roxyfm  of  the  hooping  cough 5  tumours  are  dark  co- 
loured, from  dilated  veins  that  return  their  blood  too 
ilowly ;  and  the  mulberry,  and  other  marks,  which  are 
born  with  us,  are,  according  to  Bell,  fmall  ancurifms 
full  of  ill  oxygenated  blood.  The  menflrual  blood,  that 
of  ecchymofis,  of  aneurifmal  facks,  are  all  black >  and 
the  blood  of  varices  is  fo  very  dark  coloured,  as  to  make 
the  ancients  fuppofe  they  were  filled,  with  atra  bilis,  or 
black  bile.  With  refped  to  it's  quantity,  in  the  human 
fubjca:,  Planck  aflerts  that  an  adult  cofitains  about 
CI  4 
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twenty-eight  pounds  of  blood  ;  four  parts  of  which  are 
allotted  to  the  veins,  and  the  remaining  fifth  to  the 
arteries. 

Blood  is  not  fo  fluid  as  water,  but  has  an  un6luous 
or  faponaceous  feel,  a  fweetifli,  faline  favour,  and  it's 
aroma  is  fomewhat  urinous,  fatuous,  and  peculiarly  ani- 
mal j  which  aroma  is  foluble  in  air,  water,  and  fpirituous 
liquors. 

It's  fpecific  gravity  is  greater  than  diftilled  water, 
being  as  1033,  or  1126  to  1000. 

It's  heat  is  different  in  the  different  orders  of  animals  : 
human  blood,  and  that  of  quadrupeds  and  birds,  is  about' 
96  of  Fahrenheit,  or  32  of  Reaumur;  whilft,  in  ovi^ 
parous  quadrupeds,  ierpcnts,  and  fifh,  it  is  at  the  tem- 
perature of  the  medium  they  inhabit.  The  arterial 
blood  is  llkewife  warmer  than  the  venous. 

It  unites  with  cold  water,  but  boiling  water  coagulates 
it.  Acids,  when  very  much  diluted,  have  no  effect  upon 
frefh  blood,  but,  when  concentrated,  both  the  mineral 
acids  and  vmegar  coagulate  it,  and  change  it's  red  colour 
to  a  dark  brown. 

According  to  Weber,  the  fixed  and  volatile  alkalies 
change  it's  colour  to  a  beautiful  carmine  red,  without 
any  coagulation ;  they  even  render  it  more  fluid,  parti- 
cularly the  latter.  The  fixed  alkalies,  when  cauftic,  dif- 
folve  it. 

'  Lime  water  renders  it  mojre  fluid,  and  increafes  it's  co- 
lour. 

Neutral  falts,  fuch  as  nitre,  common  fait,  Sec.  make  it 
Hkewife  more  fluid,  heighten  it*s  colour  and  retard  it's  coa- 
gulation, whilfl;  alum  and  fal  ammoniac  coagulate  it. 

Vitriols  of  iron  and  copper,  particularly  the  latter,  and 
fpirit  of  wine  when  in  a  concentrated  flate,  likewife  coa- 
gulate it. 

If  blood,   recently  taken  from   a   vein,    and    either 
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purple  or  black,  be  cxpofed  to  oxygen  gas,  it  changes  to 
a  vermilion  colour,  which  however  gradually  difappears 
and  becomes  again  purple,  and  laftly  black,  and  no 
new  impregnation  can  render  it  red  again.  On  the  con* 
trary,  if  arterial  blood,  which  is  of  a  bright  vermilion, 
be  expofed  to  air  in  which  there  is  little  or  no  oxygen, 
/.  e,  to  unrefpirable  gas,  it's  colour  is  gradually  changed 
to  a  purple.  Vide  Rcfpiration.  Vallali  of  Turin  found 
that  blood  as  it  comes  from  an  artery  or  vein  is  in  a  ftate 
of  poiitive  ele6lricity,  whilft  excretions,  as  urine,  &c.  are 
in  a  negative  ftate. 

The  blood,  as  foon  as  it  is  efcaped  from  the  veflTels,  Spontane- 
undergoes  certain  changes ;  if  in  a  flate  of  repofe,  it  firll  °"^j  -'^"tl" 
coasulates  into  a  red  gelatinous  mafs :  but  it  foon  begins  "i^^pheiic 
to  fcparate  into  two  parts.     One  or  thefc,  which  is  red 
and  folid,   is  termed  the  coagidum  or  cloi :  the  other  is 
a  yellowifh  fluid,  called  ferum  or  l^mph^  in  which  the 
coagulum  fwims. 

If  blood  as  it  comes  from  the  vein  be  put  Into  a  veflel  in  vacuo  or 
void  of  air^  or  filled  with  an  unrefpirable  gas,  it  likewife  ga*. 
coagulates,  but  not  fo  fpeedily,  nor  to  that  extent  as  in 
atmofpheric  air,  and  the  colour  is  rather  black  than  red. 
On  the  contrary,  if  recent  blood  be  put  into  a  veflel  con- 
taining oxygen  gas,  the  coagulation  proceeds  rapidly,  and  in  oxygen 
the  colour  is  as  red  or  more  fo  than  if  it  had  been  in  at- 
mofphcric  air.      According   to   Beddoes,    the   refpiring 
oxygen  gas  haftens  it's  coagulation.    It  likewife  coagulate?; 
more  quickly  when  allowed  to  flow  flowly  from  a  vein,         , 
and  in  fmall  quantities ;  and  more  flowly  when  extrava- 
fated  in  the  cellular  membrane,  than  when  expofed;  in 
the  lad  case  this  congulation  firft  takes  place  on  the  ex- 
pofed furface,  and  on  the  edges  of  the  difli. 

During  the  coagulation  of  blood,  according  to  Four-  Difrr^age- 
croy,  a  quantify  ot  c^lonc  is  tlilengageu  lo  as  to  rail e  U  s  heat, 
temperature  5 '^^ 
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Thecoagu-  -  If  blood  be  Hronfflv  airitatecl  by  any  mechanical  means. 

Jation  pie-         ...  c^  .      -  y         . 

yenttd  by     as  it  is  received  from  the  vefTels,  this  fpontaneous  change  i» 
gi  a  ion.     prevented,  nor  can  it  be  coagidated  afterwards,  according 
to  Weber,  either  by  acids,  or  alcohol,  whilfl:  the  alkalis 
h^ghten  it's  colour,  and  give   it  more  or  lefs  tranfpa- 
rency;  it  even  becomes  perfectly  pellucid  and  fluid  on  the 
addition  of  the  aqueous  folution   of  ammonia,  and   it's 
colour  is  changed  to  that  of  the  moft  beautiful  cochineal. 
Agitated  blood  is  likewife  lefs  inclined  to  the  putrid  fer- 
mentation. 
It'sputre-        Blood  readily  putrefies,    according   to  Weber,  when 
^^'       expofed  to  a  temperature  of  50^  of  Fahrenheit  3  it  begins 
to  have  a  difagreeable  fmell  on  the  fecond  day,  which  in- 
creafes   fo  rapidly  as    to  be  nearly  infupportable  on  the 
fourth  ;  the  coagulum  then  begins  to  change  the  feruni  to 
a  darkifh  red  colour,  and  it  finally  becomes  fo  diiTolved 
as  only  to  leave  a  few  threads  and  lumps,  and  in  this  fi:ate 
it  has  a  ftrong  fmell  of  volatile  alkali. 
£xpofure  to       Blood,  when  expofed  to  a  gentle  heat,  dries  into  a  black 
mafs,  termed  the  extract  of  blood.     On  diflillation,  it 
affords   an  infipid  phlegm,  which  quickly  putrefies,  an 
empyreumatic  oil,  and  a  neutral  ammoniacal  fait  confid- 
ing of  an  acid,  which  is  mofl:  probably  the  zoonic,  fuper- 
^faturated  with   ammonia.     During  this  operation,    the 
blood  becomes  very  intilmcfcent,  evolves  muclthydrogen, 
carbonic  acid  gas,  prullic  acid,  and  by  an  exceflive  heat, 
a  thick  irritating  fmoke  which  isphofphorus  in  a  fl:ate  of 
combufiion ;  and  there  remains  a  heavy  fpongy  coal  of 
difficult'incineration,  which  when  reduced  to  afhes,  af^ 
fords  carbonat  and  muriat  of  foda,  phofphat  of  lime,  anci 
oxydofiron. 
i.  White         Serum.     This   is  a  ycllowifli   tranfparent   liquor  of  ^ 

I'trum.  •  n      • 

■  greeniln  tmgc. 

It's  proper-      It  is  of  an  adhefive  confidence,  has  fcarcely  any  aroma^ 
but  is  fomewhat  fahne  to  the  tafi;e  ;  accqrding  to  Plepckj 
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it  forms  fcarceiy  half  of  the  blood.  On  agitation  it  foams 
exceeding' 5^  w 

The  fpecific  gravity,  according  to  Jurine,  is  to  water  as 
28  to  1 . 

It  is  foluble  in  water  to  55°  of  Reaumur^  or  160°  of 
Fahrenheit,  when  it  coagulates.  This  is  however  prevented 
by  dikition  with  water.  In  a  coagulated  ftate  it  is  of  a 
white  colour^  refembling  boiled  white  of  egg  in  odour 
and  confiftence,  and  during  it*s  coagulation  a  flightly 
turbid  liquor  feparates,  which  is  zei-Jtv', 

It  is  to  be  feparated  from  it's  folution  in  water  by 
alcohol. 

It  changes  the  fyrup  of  violets  to  a  green  colour. 

Acids  coagulate  it  when  fufliciently  ftrong,  and  the  li- 
quor remaining  after  filtration  contains  a  neutral  fait 
arifing  from  the  union  of  the  acid  and  foda,  but  in  fmall 
quantity.     It  is  alfo  coagulated  by  alcohol. 

Alkalis  render  it  more  fluid. 

Serum  does  not  decompofe  calcareous  or  aluminous 
falts,  but  it  a£ls  with  fufficient  energy  in  the  decompo- 
iition  of  metallic  falts. 

It  blackens  the  metallic  fplendour  of  filver. 

During  it's  coagulation  heat  is  difensaged,  and  the 
(Saufe  of  it's  taking  this  concrete  form  is  owing,  according 
to  Fourcroy,  to  the  abforption  of  ojxygen. 

Coagulated  ferum  is  infolublc  in  water. 

It  is  foluble  in  concentrated  mineral  acids,  which  fo- 
lutions  are  decompofed  by  water. 

Cauflic  alkalis  likcwife  diffolve  this  concrete  ferum^^ 
and  the  folutions  are  decompofed  by  acids. 

By  a  moderate  heat  it  dries  into  a  corneous  mafs. 

Hence  it  appears,  that  coagulated  ferum  is  very  fi*. 
milar  to  the  cheefy  part  of  milk. 

If  coagulated  ferum  be  treated  with  diluted  nitric  acid,  Affords 
l>y  the  aid  of  heat,  nitrous  and  azot  gafes  will  be  obtained,  maiic  ado's. 
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while  the  oxalic  as  well  as  a  fmall  portion  of  malic  acid 
will  be  found  in  the  reliduum. 
Diftiilation.  If  fluid  fcrum  be  diftilled  on  the  water  balh,  it  affords 
an  infipid  phlegm,  and  a  coagulum  remains.  On  in- 
creafing  the  heat,  it  intumefces  greatly,  and  produces 
carbonic  acid  gas,  fiquid  and  fixed  ammonia,  and  a  thick 
cmpyreumatic  oil  5  a  large  refidual  coal  remains,  which 
is  with  difficulty  reduced  to  adies,  containing  common 
fait,  carbonat  of  foda,  and  phofphat  of  lime. 

It'scompo- It  appears  from  the  preceding  experiments,  that  the 

fermn  of  the  blood  is  the  albuminous  part  of  it,  and  that 
it  confifts  of  albumen,  a  little- gelatin,  fulphur,  muriat 
and  carbonat  of  foda,  and  phofphat  of  lime.  It  is  faid, 
that  the  gelatin  is  the  acidifiable  bafis  which  may  be 
changed  into  malic  and  oxalic  acids,  but  the  albumen  is 
the  body  that  by  dry  diftiilation  affords  oil,  and  is  chiefly 
diftinguiihed  on  account  of  it's  property  of, coagulation 
by  heat,  on  which  account  the  blood  of  animals  is  ufed 
in  clarification. 

.23^,  Cijagulum  or  clot.    This  has  likewife  been  called  the 
CraJ[ameniu?n,     It  is  compofed  of  two  parts,  which  ap- 
pear to  have  been  partially  feparated  by  a  fpontaneous 
action,  but  which  mav  be  entirely  fo  by  artificial  means. 
Redfc-       If  the  coagulum  be  well  waflied  in.  cold  water,  the  red 
part  is  diffolvcd  by  it,  to  which  it  communicates  it*s  co- 
lour, and  there  remains  a  white  fibrous  fubftance  which 
is  \h(i  fibrin  of  the  blood.     The  water  thus  tinged  by  the 
coagulum  contains  in  reality  all  the  colouring  matter  of 
the  blood,  and  fince  when  chemically  examined,  it  proves 
DifFerenre    to  be  the  fame  as  the  white  ferum,  except  it's  containing 
and  whUe^    a  great  deal  of  iron,  it  may  be  called,  in  order  to  diftin- 
f.rum.         gi.ii{h  it  from  the  other,  the  red  ferum.     This  iron  is  to 
be  feparated  from  it  feveral  ways,  by  incineration,  or  by 


o 


reagents. 


r.Fibrir.        The  fibrous  part  of  the  blood,  or  fibrin^  having  been 
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well  wafiiecli^the  red  ferum  or  colouring  matter,  is  per-  it's  proper- 
fe6tly  taftelcfs,  and  of  a  white  colour.  ^''''^' 

It  is  infoluble  in  water. 

Expofed  to  a  moderate  heat,  whether  by  boiling  or  by 
other  means,  it  becomes  hard;  and  if  this  expofure  be 
fudden,  it  (brinks  up  like  parchment, 

Cauftic  fixed  alkalis  only  diflblve  it  by  the  alid  of 
ebullition,  and  eauftic  ammonia  has  no  effe^St  upon  it. 

Acids  diflblve  it,  and  nitrous  aad  azot  gafes  are  extri- 
cated during  the  folution,  and  it  is  precipitated  from  them 
by  water  and  alkalis,  in  a  changed  ftate. 

On  diftillation  in  the  dry  way,  it  affords  much  aerated 
ammonia,  and  a  very  thick  fetid  and  ponderous  empyreu- 
matic  oil.  The  refiduum,  which  is  not  very  bulky,  is 
compact,  heavy,  and  eafy  of  incineration.  The  aflies  are 
very  white,  and  contain  neither  foda,  neutral  falts,  nor 
iron,  but  they  aflbrd  pure  lime,  and  phofphat  of  lime. 

Expofed  to  a  moill  atmofphere,  it  very  readily  putre- 
fies, fwells,  and  affords  a  good  deal  of  ammonia. 

In  inflammatory  difeafes,  it  is  partly  feparated  in  the 
blood,  and  covers  the  coagulum  in  the  form  of  a  yel- 
lowiOi  tough  cuticle,  commonly  called  the  buffy  coat  of 
the  blood. 

Hence  it  appears  that  the  blood  is  capable  of  being  Proximate. 
feparated  into  three  parts  :   1.  The  white  ferum.     2.  The  blood. 
red  ferum  ;  and  3.  the  fibrin.     Of  thefe  the  white  ferum 
exifts  in  the  largeft  proportion,  then  the  fibrin,  whilft 
the  red  ferum  forms  the  fmalleft:  portion;  but  they  vary 
in  their  proportions,  according  to  age,  &c. 

If  thefe  three  proximate  parts  be  reduced  to  the  utmoft  Remore 
analyfis   of    which  chemiftry    is  capable,     the   remote  ^^^  '* 
component  parts   confifl   of  oxygen,    azot,    hydrogen, 
carbon,  fulphur,  phofphoric  acid,  foda,  lime,  and  iron, 
to  which  may  be  added  the  peculiar  aroma  of  the  blood. 
It  is  to  thefe  feyv  ultimate  and  indivifible  parts  that  thr 
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analytical  fcience  ha*  been  able  to  reduce  this  rich  and 
wholly  animalized  fluid,  which  appears  to  be  the  pri- 
mitive principle  of  all  animal  fubftances,  and  the  com- 
mon origin  of  all  the  animal  folids  and  fluids;  and  fince 
it  conveys,  during  it*s  circulation  through  the  veflels  of 
the  fyftem,  the  principle  of  life  to  every  part,  which  on 
being  deprived  of  it  dies,  and  becomes  fubje6l  to  the 
laws  of  fpontaneous  decompofition  or  putrefaiSlion,  the 
ancients  were  right  in  their  aflfertions,  that  the  blood  wai 
the  vital  fluid. 

Having  given  a  general  view  of  the  nature  of  the  blood, 
of  it's  fpontaneous  feparation  into  it's  proximate  compo- 
nent parts,  and  the  effects  that  the  chemical  agents  have 
upon  thcni,  it  will  be  neceflary  to  trace  the  outlines  of 
it'^  hiftory,  and  the  chief  experiments  of  the  principal 
authors  who  have  enriched  the  fubje6l  by  their  difcove- 
ries. 

The  ancients  were  of  opinion,  that  the  vital  fluid  or 

blood,  which  of  all  the  animal  fluids  is  the  mofl:  univer- 

fally  diftributed  throughout  the  body,  was  a  compofition 

of  the  other  animal  matters ;  and  Hippocrates,  perhaps, 

from  it's  refemblance  in  colour  to  that  of  the  mufcles, 

called  it  running  fiefh  -,  but  they  had  not  fupported  their 

Ancient      conje6ture  by  any  chemical  analylis,  and  it  would  have 

'  ''    '      remained  as  a  mere  fanciful  opinion,  *had  not   modern 

experiments  afcertained,   that  the  ancients  were  not  very 

far  from  having  aflTerted  the  truth.     Before  the  time   of 

Rouelle,  very  few  chemical  experiments  had  been  made 

upon  this  fluid,   and   thofe  by   no   means  fatisfa£lory. 

With  rcfpe^t  to  the  changes  it  underwent  on  expofure  to 

By  <ii!?ii)a-  heat,  they  procured  by  diiVillation  a  water  which  they 

ed  pht  gra  *  ^^^^^^  phlegm,     Vieufleus  found  this  phlegm  to  have  very 

jittlc  odour  or  favour,  and  Homberg  having  procured 

fourteen  parts  from  fixteen  of  blood,  thought  that  his  ex- 

perimcntii  proved,  on  being  compared  with  others,  tha^ 


this  proportion  of  water  was  much  lefs  in  plethora,  go^it, 
and  fcurvy,  and  increafed  in  confumption,  and  a  phleg- 
matic temperament.    On  continuing  the  heat,  Boyie  oh- 
tained  an  oily  and  reddifli  fluid,  of  a  bitter  favour,   and 
manifeftly  urinous  nature,  to  which  he  gave  the  name  of 
fpiritusfanguinis,  which  confifts  according  to  him  of  vo-  Spiiitus 
latile  alkali  diflblved  in  the  above  phlegm.    He  got  rather  ^"^"^"''' 
more  than  fix  parts  from  twenty-four  of  blood.     Grevy 
obtained,  after  this  fpirit,  Jal  volatilis  in  a  folid  ftate,  of  a  SalvolatiUs. 
white  colour,  a  ftrong  and  penetrating  fmell,  and  effer- 
vefcing  ftrongly  with  acid  liquors.  AccQrdingtoNeedham 
twenty  ounces  of  the  extra<Sl  of  blood  contain  about  two 
drachms  of  it,  whilft  Verduc  got  one  part  from  fifty-two 
of  the  extraiSi:.     With  this  fait,  but  fomewhat  later,  Boyle 
obtained  a  yellow  oil,  called   the  oil  of  bloody  and  by  a  oilofbLcxt 
ftrong  heat  a  pitchy  oil  that  eflfcrvefced  with  acids.     This 
oil  was  fuppofcd  to  arife  from  the  fat  part  of  the  blood. 
From  179  parts,  Vieuflens  obtained  four  parts  of  this  oi!. 
The  remainder,  after  this  expofure  to  heat,  was  a  fplcndid, 
light,  fpono^y,  black  dreg,  of  a  faline  and  bitter  tafte,  of 
an  uiflammablc  nature,  which  Ilelmont  and  Boerhaave 
called  the  coal  of  the  blood,  others  the  caput  mortuum;  this  Cua'. 
they  found  to  contain  earth,  marine  fait,   fixed  fait,  oil, 
and  a  very  heavy  oil  which  was  evident  from  the  defla- 
gration, and  reddifh  aflies  compofed  of  fait  and  iron  re- 
mained-behind.     Hales  likewife  found  an  aerial Jluid  in  AensiiRmd. 
blood,  forming  the  33d  part  of  it. 

With  refpeft  to  the  a6lidn  of  reagents  on  blood,  itAaionof 
was  aflcrted  by  Boerhaave  and  Schwenkc,  that  vegetable  ^ 
iicids  made  it  thinner  ;  and  by  Eller  and  Courten,  that 
follile  acids  made  it  thicker  or  coap;ulated  it.  According: 
to  Bovle,  alkalis  rendered  it  more  fiuid,  hence  the  ne*- 
c^flity  of  taking  acids  to  counteract  it's  fluidity ;  Qucfnai, 
on  the  contrary,  thought  they  thickened  it.  As  to  thcr 
neutral  falts,  Stahl  aflcrtedthat  nitre  coagulated  bleed,..- 
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Neumann  m  his  examination  of  this  fluid  obtained  Ci- 
milar  refults  by  dillillation  to  thofe  of  his  prcdcceflbrs? 
viz,  an  urinous  fpirit,  a  concrete  fait  and  an  oil.  Lewis, 
■who  examined  it  more  minutely  after  evaporation  and  in- 
fpiflation,  found  the  exiiccated  blood  to  be  foUible  neither 
in  acid  nor  in  alkaline  liquors,  that  it  communicated  fome 
colour  to  water  and  fpirit  of  v/ine,  and  that  it  was  more 
particularly  a6led  upon  by  dulcified  fpirit  of  nitre.  In 
his  examination  of  recent  blood,  he  found,  that  it  was 
coagulated  by  the  mineral  acids,  and  by  moft  of  their 
combinations  with  earthy  and  metallic  bodies ;  whilft 
vegetable  acids  and  folutions  of  neutral  falts  produced  no 
coagulation  :  that  it's  fluidity  was  incrcafed  by  alkalis 
botk  fixed  and  volatile,  by  which  it  w^as  preferved 
from  coagulation :  that  the  ferum  is  not  fo  much  dif- 
pofed  to  putrefy  as  the  craflfamentum  :  that  it  is  fome- 
what  more  difficultly  congealed  by  cold  than  pure  water  : 
that  it  coagulates  by  a  heat  a  little  greater  than  that  of 
the  human  body  :  and  that  both  this  coagulum  and  the 
iufpifTated  feram  are  very  inflammable  in  the  fire,  and  in- 
folubic  in  water  or  fpirit  of  wine,  in  acids  or  alkaline  li- 
quors. 

Inftead  of  making,  however,  anv  progrefs  in  the  ana- 
lyfis  of  this  fluid,  the  attention  of  philofophcrs  was  taken 
up  in  examining  it's  texture  by  means  of  the  microfcopc, 
and  a  variety  of  opinions  was  the  confequence,  which 
will  be  found  in  the  article  red  particles. 

Ronelle  pnblifhed  his  work  in  1773,  and  fince  this  work 
appeared  to  the  prefent  time  there  is  perhaps  no  fluid  in 
the  animal  body,  that  has  undergone  fuch  a  variety  of  in- 
veftigation,  and  been  fubmitted  to  more  experiments  than 
the  blood. 

As  the  microfcope  was  fcAmd  to  be  of  little  ufe,  chemi- 
cal agents  were  reforted  to.  After  havinor  treated  this 
fitiid  bv  dlllillutipn,  maccratjion,  fermcntationj  S:c.  che- 
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hilfts  had  recourfe  to  other  methods.  At  firft,  the  fa- 
iine  tafte  of  blood  made  them  prefume  that  it  contained 
feme  kind  of  fait,  but  no  one  could  account  for  it's  com- 
ing there.  Thefirft  ideawas,  that  it's  fait  or  falts  were  intro- 
duced by  means  of  the  aliments  perfectly  formed,  but  from 
want  of  knowledge,  no  one  fufpevSled  that  nature  was  able 
to  produce  them  in  the  animal  as  well  as  fhe  had  done  in 
the  vegetable. kingdom  :  in  the  determination  thei'cfore  of 
thefe  falts  the  opinion  of  chemius  was  for  a  long  time 
divided.  Some  fuppofed  that  the  fait  was  the  murlat  of 
fodaj  others  pretended  it  was  an  alkali  j  and  fome  even 
doubted  of  the  prefence  of  thefe  falts,  fmce  thofe  who  ad- 
mitted them,  had  obtained  them  only  from  the  reliduum 
of  combuftion,  during  the  laft  effort  of  the  fire  to  which 
the  blood  had  been  expofed,  whence  they  concluded  that 
they  were  the  products  of  combuflion,  and  not  component 
parts  of  this  fluid. 

There  were  fomc  chemifts  who  went  even  farther,  and 
fuppofed  that  an  acid  as  well  as  an  alkali  exifted  in  the 
blood.  Amongft  thefe  particularly  was  Homberg,  who 
afferted  that  this  acid  does  not  arife  till  towards  the  end  of 
the  diftillation. 

However  fanciful  the  fuppofition  was  of  it's  contain- 
ng  an  acid,  it  appeared  however,  and  more  particularly 
from  the  invefligatio*i  of  Haller  and  de  Haen,  that  dif- 
ferent faline  matters  exlfted  in  this  fluid.  It  was  parti- 
cularly to  be  obferved  from  that  of  de  Haen,  that  the 
water  in  which  the  coagulum  had  been  waflied  gave  evi- 
dent traces  of  an  alkali,  and  that  exficcated  blood  effer- 
vefced  with  acids,  but  it  feems  that  the  two  chemifts 
doubted  of  it's  exiftence,  ''  Not  one  experiment,*'  fays 
one  of  thefe  celebrated  men,  ^'  is  there  to  prove  that 
*'  there  exifls  pure  and  difengaged  fait  in  the  blood,  not 
*'  one  phenomenon  ehara6leriftic  of  acid  or  alkali.''  It 
therefore  remained  to  determine  after  the  flight  vefliges 
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of  an  alkali^  of  what  fpecies  it  was,  in  what  quantity  U 
U'as  prefent,  and  whether  it  exifted  in  a  free  or  united 
ftate  :  this  was  effe^led  by  Thouvenel,  hut  more  particu-* 
lar1y  and  fatiafaclorily  by  Rouellc. 
Roueiic.  Having  made  the  obfiTvation,  that  not  only  the  aqueous 

part  of  the  blood  or  ferum,  but  the  water  of  all  dropfical 
parts  poflfefTes  the  fame  properties  as  the  white  of  egg,  of 
being  coagulated  by  mofl  acids  as  well  as  by  a  boiling 
heat ;  likewife  of  uniting  with  water  and  changing  the 
blue  colour  of  violets  to  a.  green  in  the  fame  manner  as  if 
^  little  alkali  had  been  put  into  the  water  ;  Rouelle  con- 
cluded, that  as  the  water  feparated  from  blood  by  diftilla- 
tion  had  no  cffeB.  on  the  fyrup  of  violets,  except  after  hav- 
ing been  kept  fome  time,  the  property  of  changing  the 
vegetable  fyrup  did  not  proceed  from  any  alkaline  nature 
of  the  ferum,  or  from  it*s  volatile  alkali,  as  fome  writers 
had  fuppofed,  but  from  a  real  difengaged  fixed  alkali. 
He  fupported  this  affertion  by  the  properties  of  the  more 
or  lefs  coloured  mafs  remaining  after  diftillation  of  blood. 
This  which  is  pulverifable,  and  refembles  externally  a  glue, 
but  differs  from  it  by  being  difficultly  foluble  in  water,  is 
found  in  time  to  have  it's  furface  covered  over  with  a 
cryftallized  fait,  whilft  the  mafs  has  regained  it's  tenacity 
by  attra6ling  moifture  from  the  air.  But  he  proved  by 
experiment  that  the  blood  contained  this  uncombined 
alkali  3  for  on  taking  a  quantity  of  fcrum  either  of  the 
blood  or  from  a  dropfy,  adding  to  it  twice  as  much  dif- 
tilled  water,  and  then  mix'ujg  a  little  vitriolic  acid  with  it 
and  diftilling  it  to  drynefs,  he  found,  that  on  adding  fome 
boiling  water  to  the  remainder,  and  faturating  the  acid 
liquor,  or  rather  the  fupcrabundant  vitriolic  acid  with 
chalk,  a  real  G:aubei's  fait  was  obtained.  Inflead  of 
the  vitriolic  acid  he  ufcd  diftillcd  vinegar,  and  the  confe- 
quence  was  acetated  foda.  Hence  the  ferum  contained  mi- 
nerar  alkali.     In  1770  Rouelle  publiflied  fome  other  ex- 
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perlnjents  on  the  faHne  matters  which  the  blood  contain. 
They  were  made  on  that  taicen  from  different  animals, 
fuch  as  the  huraan^  the  ox,  the  hoife,  the  cadf,  the  fheep, 
the,  pig,  th€  afs,  and  -the  goat.  In  thefe,  he  preves, 
that  the  calcined  afhes  contained  in  the  blood  of  a  healthy 
perfon  afforded  natron^  or  mineral  alkali,  common  fait, 
diijeftive  fait  in  fmall  quantity,  an  animal  Or  calcareous 
earth,  iron  and  a  coal.  He  found  that  thefe  were  in  va- 
rious quantities,  28  or  29  parts  of  alkali  to  16  or  17  o^f 
the  neutral  falts,  whilft  the  animal  earth  formed  the  lotli 
part, -and  the  quantity  of  coal  was  very  inconfiderable. 
That  on  diftillation  and  cryftallization  of  the  ailies,  the 
common  fait  was  firft  obtained,  then  the  digeftive,  and 
afterward  the  natron  or  bafis  af  common  fait,  and  that 
the  proportions  of  thefe  were  never  the  fame  in  every  fort 
of  blood.  Such  are  the  experiments  of  this  celebrated 
chemift  on  the  ferum  of  the  blood,  by  which  he  for  ever 
fixed  the  opinion  of  it's  containing  falts,  fuch  as  foda  and 
the  muriats  of  potafh  and  foda. 

After  Rouelle,  the  next  chemift  of  any  cx)nfequence  is  Buccjuet 
Bucquet.  He  communicated  his  experiments  to  the  Aca- 
tlcmy  of  Sciences,  amongft  which  are  fome  interefting  ob- 
fervations  upon  the  different  alterations  the  blood  under- 
goes in  it's  fpontaneous  decompofition.  According  to 
this  chemift,  the  coagulation  of  the  ferum  or  lymphatic 
part  of  the  blood  is  not  occafioned  by  the  lofs  of  it's 
aqueous  part  or  by  exficcation,  but  is  produced  by  the 
peculiar  a^lion  of  heat.  He  found  that  the  water  of  dif- 
tillation  was  at  firft  taftelefs,  and  did  not  affe^l  fyrup  of 
violets;  yet  that  it  was  not  pure,  but  contained  animal 
matter,  fince  it  became  putrid  in  time,  and  changed  the 
fyrup  to  a  green  from  the  volatile  alkali  that  was  extri- 
cated. He  found  that  on  diftillino;  the  exficcated  ferum 
it  afforded  a  volatile  alkaline  fpirit,  fixed  volatile  al- 
kaline fait  in  large  quantity,  and  an  empyreumatic  oil,  the 
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j;rcater  part  of  wKich  funk  beneath  the  fpirlt.  The  remain^ 
ing  coal  was  light  and  fpungy,  and  nearly  filled  the  belly  of 
the  retort,  and  afforded  agreatdcal  of  common  fait  and  fixed 
mineral  alkali.  It  was  difHcult  of  incineration,  and  con- 
tained an  uncommonly  fmall  quantity  of  iron  when  the 
ferum  was  free  of  any  red  part.  He  likewife  found  that 
the  ferum  mixed  in  all  proportions  with  cold  water.  If 
poured  into  boiling  water  one  part  was  coagulated,  whilft 
the  other  formed  a  kind  of  union  with  the  water;  he  does 
not  however  think  it  was  a  perfe6l  folution,  for  it  remain- 
ed white  and  fomewhat  milky,  and  could  not  be  rendered 
clear  by  repeated  filtration.  If  boiled,  it  fwelled,  and  a 
pellicle  arofe  on  it's  furface  as  is  the  cafe  upon  milk^.and 
the  addition  of  acids  or  alcohol  coagulated  thofe  parts 
that  prevent  it's  tranfparency. 

It  was  flrongly  difpofed  to  putrefaction,  for  haying  ex- 
pofed  a  little  of  it  to  the  air  it  became  putrid  in  fo  fhort  a 
•fpace  of  time,  as  td  prevent  his  being  able  to  determine 
wRtfether  it  had  previoufly  undergone  the  acetous  fermen- 
tation. 

From  other  experiments  made  upon  it^  it  appears,  di- 
luted acids  coagulated  it,  and  by  filtration  a  fluid  was  fe- 
parated,  which  was  eafily  diflfolved  by  the  concentrated 
nitrous  acid  after  having  been  firfl  coagulated  by  it. 
This  folution  was  accompanied  with  a  flrong  efifervefcence, 
and  the  dilTolved  part  was  precipitated  by  water. 

Alkalis  did  not  coagulate  the  aqueous  lymphatic  part 
of  the  blood,  and  even  the  cauftic  volatile  alkali  eafily 
difTolved  it  vvhen  coagulated.  This  folution  was  decom- 
pofed  again  by  any  of  the  acids. 

.^.TJhe  neutral  falts,  whether  with  an  alkaline  or  earthy 
bafis,  had  no  action  on  thisfi.uid  part;  but  ahnoftall  thofe 
with  a  mctanic   balis  'caufed   a  confiderable  precipita- 
tion. -,..:: 
With  refpe^  to  alcohol,  it  has  been  alr^edy^pbists'^d, 
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^at  the  fecorid  part,  even  that  which  unites  with  water, 
is  coagulated  by  it ;  but  it  is  a  curious  circumftance;  that  the 
fame  coagulated  part  is  capable  of  again  being  diflblved, 
and  in'^f^rc4:tyconfiderable  quantity,  in  water,  whijch  isnot 
the  cafe  with  that  which  has  been  coagulated  by/acids. 

The  analyfisofithe  ferum  being  once  knov\Ti,  it  remain- 
ed tt)  ermine  the  coagdura^the  red  colour  of  which/had 
given  rife  to  much  difcuflion,  and  fince  the  inveftigation 
of  the  ^e<r  pariicl'e's forms  afi  sef a  in  tBe  hiftbry  oF  microf-  ^ 

capital  obfe^rvation,  it  is  neceflary  to  give  fome  account 
oFtWir-ejtamination, 

Th^'difcovery  of  thie' red  particles  in  the  blood  was  Red  parti, 
made  toward^  the  end  of  the  laft  century.     Lewenhoeck  i^^^.^^^ 
was  the  fir  ft  who,  having  expofed  the  leg  of  a  frog  to  the  ^oe'^'^» 
lens  of  a  microfcope,  affirmed  that  the  living  blood  con- 
fifts  of'a-number  of  red  globular  particles  fwimming  in  a 
large  quantity  of  a  tranfparent  liquor.     Elated  with  this 
difcovery,  he  enjoyed  himfelf  in  the  regions  of  fancy, 
and  imagined  that  each  of  thefe  globules  was  compofed 
of  fix  fmaller  ones  packed  together,  that  while  the  fix- 
continued  to  adhere,  their  colour  was  red,  but  being  fe- 
parated,   they  became  yellow   and  fovmtd  ferum.     His 
imagination  carried  him  further,  and  he  pretended  that 
each  of  thefe  ferous  globules  confifted  of  fix  fmaller  ones, 
which  when  feparated  formed  a  more  fubtile  and  penetrat- 
ing  liquor  than  the  ferum  itfelf.     This  theory,  wild  as  it 
ipay  feem,  gained  many  admirers ;   it  was  even  acknow- 
ledged as    founded  on   fa6ls,    ferved   to   advance  other 
theories,  and  gave  rife  to  elaborate  calculations,  which 
now  only  ferve  to  amufe  the  curious. 

The  great  confidence  which  had  been  given  to  mlcro- 
fcopical  inveftigation  invited  other  philofophersto  examine 
the  blood,  and  about themiddleoftheprefent  century  Father  Father  ddu 
della  Tbrre;  on  examining  the  red  particles,  found  them  to  » 
be  of  an  annular  figure,  with  a  perforation  in  the  middle, 
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aft'd'tbe-  nrr^'itfielf  to  be  formed  of  feveril  joiiitj^   The 

U'Ohderfal  degree -of  magnifvln-g  pow^r^  hovVever,'.,  which, 
the  Icnfes  he  made  ufe  of  wcr<|  faid  to  fpcuTef:?,,  reixcierecl 
the  acGitracy  of.  his  expcritner^Sf  jtkjubtlul,  ^nd-jfowje  of 
them  having  be^u  exatnined  by;  the  Royal  Sodietyjr  who 
failed  in  nialdng-fb  facccfsfbLan  application  of  themy  the 
credit  of  this  philofopher's  diicoverles  reflcd  on  hi-s  own 
evidence. 
Hewfon,  To  Father  della  Torre,  futpeeded  He vvfoi),,';Wh9' very 

carefully  purfued  a  finiilar  rout.  He  found, ^contrary  to 
Lewcnhocck,  that  the  red  particles  of  the  blood,,  when 
examined  by  the  microfc'ope,  vve;'e  flat  ir^  all  animals^  and 
confequently  improperlyic&Uedj*'4^^f->a  and  that  they 
were  of  very  di fferent  iiz es  in  different  animals ,  In  pan 
they  are  fmall  and  flat  as  a  fliilling,  with  a  dark  fpqt  m 
the  centre.  In  order  to  examine  th-em  with,  more  dif- 
tin61:nefs,  he  diluted  the  blqqd;.\>^i^hfrcf]i  feruirj;,  which 
precaution  having.been  omiltcd^by  his  predecelTors,  they 
were  only  able  to  fee  them  very  Ji>4iftui:dtlyj^  .A$  to-  the 
black  fpot^  the  particles  of  thq  hpman  blocd  ..being  very 
fmall,  he  found  it  difficult  to  determine,  -^hether  it  was  a 
perforation,  as  fome  iiijaginedj:or  0,9;,;  b'^t  he  difcovered 
in  the  frog,  where  it  is  fix  times  Unger  than  in  nian,  that 
it  was  a  httle  folid  body  contained  in  the  middl-^  of  a 
veficle.  Inftead  therefore  of  calling  the  particles  of 
blood  red  ^khules  he  thought  red  veficks  would  be  more 
proper,  each  particle, being. a  flat  vcficlq  'v^i^li.g.  Ijftle  folid 
fpherc  in  it's  centre.  ,,  ,       '^. 

He  found  the  blood  of  all, animals ;CQp.l;ained  veficlcs  of 
this  fort.  •  In  the  human  and  that, of  quadrupeds  there 
are  millions  of  them,  and  they  give  it  the  red  colour.  In 
infects  they  are  white  and  lefs  numerous,  in  proportion. 
He  found  that  their  fiat  ihape  was  alterable  bv  mlxinor 

■  ■  ■      ■  ,      -    » ...      J  o 

them  with  different  fluids,  and  th4t  it  is  by  a  determinate 
qua^itity  .of  neutral  fait  contained  in.  the  ferum,  that  thiij 
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fluid  is  adapted  to  preferve  them  in  their  natural  flat  fliape; 
for  if  mixed  with  water  they  become  round  and  are  perfect-, 
ly  diflblved,  but  on  the  addition  of  a  little  of  any  neutral, 
fait  to  the  water,  they  remain  in  it  without  any  change  of 
form,  or  without  folution  ;  hence  Hewfon  fufpeded  the. 
fhape  of  thefe  particles  to  be  a  circumftance  of  fome  im- 
portance. He  found  that  on  diluting  the  blood  of  a  frog 
or  toad,  with  the  ferum  of  the  human  blood,  the  particles 
which  are  large  became  flat,  as  is  the  cafe  in  the  vefll^ls  of 
that  animal,  whilft  a  little  water  firft  made  them  round, 
and  then  began  to  difiTolve  them;  a  neutral  fait  gave 
them  their  flat  (hape,  but  if  this  was  not  added,  the  vefi- 
cle  was  gradually  diflblved  by  the  water,  and  the  little 
fphere  was  left  alone.  He  found  that  the  particles  in 
the  blood  of  infe6ls,  whether  aquatic  or  earthy,  were  fl- 
milar  in  figure  to  that  of  other  animals,  but  difiered 
from  them  in  colour.  Such  are  the  microfcopical  obfer* 
vations  of  this  celebrated  phyfKjlogift. 

A.  more  laborious  inveftigation  of  the  figure  and  fize  Cavaiio. 
of  thefe  red  particles  has  been  made  by  Cavallo.  He  de- 
fends the  falling  credit  of  Father  della  Torre  both  witl^ 
refpe^l  ib  the  inflrumenta  he  ufed  and  his  experiment?. 
He  does  not  find  that  any  lenfes  or  globules  of  very  great 
magnifying  power  were  ufed  before  the  tune  of  that  phi- 
iofopher,  who  con{lru<Sted  them  of  wonderful  minutenefs, 
and  at  the  fame  time  clear  and  dillintSl,  and  it  is  from  the 
great  difliculty  in  their  conilru61;ion,  and  in  their  ufe  as 
magnifiers,  that  he  attributes  the  caufes  why  fo  few  haye 
repeated  della  Torre's  experiments,  and  why  mofl:  of 
them  have  been  unfuccefsful,  which  want  of  fuccefs  has 
thrown  fuch  fufpicions  on  his  experiments  and  obferva- 
tions.  Cavallo  after  much  trouble  fucceeded  at  lafl  iji 
con(lru6ling  afew  microfcopical  globules  after  his  method, 
and  having  repeated  his  experiment  on  thefe  globules 
with  ap  apparatus  made  exprefsly  for  fuch  delicate  work, 
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he  found  the  dofcription  that  della  Torre  has  given  ofthe 
appearances  to  be  very  accurate,  although  his  conjectures 
may  have  been  fometinies  crude  or  niiftaken. 
*  From  the  experiments  of  Cavallo  it  appears,  that  the 
rtidan  fize  of  the  red  particles  differs  very  little  in  perfons 
nearly  ofthe  fame  age ;  that  they  differ  fomewhat  in  the  fame 
perfon  5  and  that  their  figure  is  not  very  circular  :  but  this 
deviation  from  the  circle  is  not  fuch  as  a  flat  circular  furface 
would  aifume  in  it's  different  inclinations  to  the  axis  of 
vifion,  for  the  flat  circular  furface  (according  to  the  rules 
of  orthographic  projection )-  muft  appear  either  circular,  or 
elliptical,  or  as  a  flraight  line,  whereas  this  experimentalilt 
never  perceived  thefe  red  particles  to  form  flraight  lines, 
/.  e,  edgewife,  and  the  elliptical  figure  they  fornetijfnea 
aifume  is  by  no  means  regular. 

In  an  adult  perfon  he  found  the  diameters  of  the  red 
particles  from  0,0003  to  about  0,0004  parts  of  an  inch, 
and  feldom  fmailer  or  larger.  If  therefore  the  fmallefl  of 
them  were  fet  in  a  row,  3334  will  be  equal  to  one  inch, 
and  if  the  larger,  about  2500. 

^     When  thefe  particles  are  magnified  more  than  40  o 
50  times,  and  lefs  than  SO  (in  diameter)  they  appear  like 
colourlefs  tranfparent  fpots,  enclofed  within  dark  circles. 

When  maonified  more  than  80  and  lefs  than  160,  a 
dark  fpot  appears  in  the  centre  of  each,  refembling  a  dot 
made  on  paper  with  ink.  He  found  that  if  the  refleftor 
that  illumines  the  particles,  inflead  of  being  placed  before 
the  objeCl:,  be  fet  on  one  fide  of  the  axis  of  vifion,  fo  that 
the  light  may  be  obliquely  thrown  on  the  object,  *one 
half  of  the  dark  circle  of  each  particle  difappears,  which 
is  that  on  the  fideoppofite  the  refledor.  At  the  fame 
time,  the  central  fpot  appears  to  change  it's  place.  When 
the  particles  are  magnified  about  200  times,  the  central 
fpot  appears  converted  into  a  circle  enclofing  atranfpareiit 
fpace.     The  diameter  of  this  inner  circle  equals  half  of 
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that  of  the  external  one,  but  the  proportion  of  thefe  dia- 
meters, or  the  fize  of  the  internal  circle,  may  be  brought 
to  increafe  or  decreafe  by  the  leaft  alteration  of  the  dif-* 
tance  between  the  obje6l  and  the  lens,  and  bv  the  fame 
means  the  fpace  within  the  inner  circle  may  be  rendered 
clearer  or  darker  than  that  between  the  two  circles.  The 
pofition  of  the  inner  circle  is  changed  by  the  direction  of 
the  light :  for  if  the  particle  of  blood  be  viewed  through 
a  microfcopical  globule  of  glafs  dire6lly  facing  the  flam6 
of  a  candle,  without  the  intermedium  of  any  lens  or  re- 
fle6lor,  the  inner  circle  will  appear  concentric  with  the 
outer  one ;  but  if  the  candle  be  moved  a  little  to  one  iide, 
that  the  light  may  fall  obliquely  on  the  particle  of  blood, 
the  inner  circle  will  be  obferved  to  move  towards  the  op- 
pofite  fide,  and  to  acquire  an  elliptical  fhape. 

When  the  particles  of  blood  are  magnified  above  400 
times,  an  imperfect  image  of  the  candle,  which  is  placed 
before  the  microfcope,  may  be  feen  within  the  inner  circle 
of  each  particle.  Through  a  glafs  globule  of  0,01 8  of  an 
inch  in  diameter  he  has  feen  the  red  particles  magnified 
about  900  times,  in  which  cafe  the  image  of  the  flame 
of  the  candle  could  be  feen  within  the  inner  circle  of 
each  particle  very  clearly,  at  leaft  fo  as  to  fliow  to  which 
fide  the  motion  of  the  air  in  the  room  inclined  it.  Al* 
though  the  magnifying  power  was  fo  great,  yet  the  an- 
nulus  or  fpace  betsveen  the  two  circles  did  not  appear  to 
be  divided,  except  fome  accidental  fractures  fometimes 
feen  in  a  few  of  the  particles. 

From  thefe  obfervations,  this  philofopher  thinks  that 
the  red  particles  of  the  blood  are  not  perfc)rated,  but 
that  they  are  globular,  and  compofed  of  fome  uniform 
fubftance  much  lefs  tranfparent  than  glafs.  They  like- 
wife  fliow  that  Hewfon's  idea  of  their  containing  a  cen- 
tral body,  or  nucleus  moveable  within  the  external 
fteil,  arol€  frcm  the  apparent  change  of  place  whi(^h  tl^? 
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various  direcUon  of  the  light  produces  on  the  central 
fpot  or  inner  circle  of  each  particle. 

On  the  fuppofition  of  thefe  red  particles  being  globu- 
Jar,  he  expected  to  find  that  globules  of  other  tranfpa- 
rcnt  matter  .would  exhibit,  the  fame  appearances,  and  his. 
expectations  were  in  great  meafure  verified.  The  (hades 
of  difference  he  obferved  between  them  were  :  Firft, 
tliat  the  glafs  globule  fliowed  a  diflin«Sl,  whilft  the  red 
particle  fh owed  an  indiflin<Sl  image  of  the  candle:  Se- 
condly, that  the  inner  circle  of  the  globule  is  much 
fmaller  in  comparifon  with  it's  external  boundary  than 
the  inner  circle  of  the  particle  is,  compared  with  it's  ex- 
ternal one  :  Thirdly,  that  the  annulus  is  uniformly  dark 
in  the  globule,  whereas  in  the  particle  it  is  as  clear  or 
clearer  than  the  internal  furface. 

On  examining  thefe  particles  in  the  living  animal,  if 
any  thin  and  tranfparcnt  part,  fuch  as  the  tail  of  a  fmall 
fifh,  or  the  membrane  between  the  toes  of  a  frog,  be 
viewed  through  a  good  microfcope,  the  circulation  of 
the  blood  through  them  is  only  perceived  by  the  motion 
of  thefe  red  particles,  which  follow  each  other  at  a 
greater  or  lefs  diftance,  although  in  general,  each  particle 
feems  to  touch,  or  nearly  fo,  the  following  one.  They 
-are  never  feen  to  run  into  each  other  and  incorporate, 
and  though  not  very  hard,  they  are  pofTeffed  of  a  cer- 
tain degree  of  confidency  and  elaflicity,  for  in  pafling 
through  the  very  fmall  veffels,  they  are  frequently  feen 
to  afTume  an  elliptical  fhape,  whilfl  from  the  fmallefl 
•  veffels  they  are  abfolutely  excluded.  ^. 

By  labour  the  red  particles  may  be  accumulated  in  a 
wonderful  degree  ;  thus,  in  hard-working  people  they 
abound,  and  by  the  exercife  of  particular  parts  the  fame 
takes  place,  as  in  the  wings  of  thofe  birds  accustomed  to 
flvj  and  in  the  legs  of  thofe  accuflomed  \o  walk  a  great  deal. 
They  arc  numberlefs  in  health  and  in  all  ftrong  creatures. 
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whiift  In  difeafed  and  weak  animals  they  are  in  fmall 
quantity. 

Cavallo,  on  continuing   liis  experiments  on  the  red 
particles^  found   that  they   lole  their  fhape  and  are  dlf- 
folved  in   certain  fluids,  that  this  does  not  take  place  in 
the  ferum  of  the  blood  or  in  urine,  except  when  left  in 
thefe  fluids   for   feveral  days,  or  when  thefe  fluids  are 
diluted  with  water.     But  water  alone  he  found*  to  be  a 
powerful  and  ahuoft  inltantaneous  folvent  for  them,  al- 
though it  may  be  deprived  of  this  property  by  the  ad- 
dition of  coiflmon  fait,  or  nitre,  or  of  any  other  neutral 
fait,  as  well  as  by  the  admixture  of  a  very  fmall  propor- 
tion of  the  vitriolic  acid.     He  found   that  the  marine 
acid,  when  much  diluted  with  water,   had  no   folvent 
effeft  upon  them,   but  it's  action  deprived  them  of  their 
colour.     Vinegar  is  llkewife  a  powerful  folvent,  but  not 
equal   to  water.     He  found  that  when  once  they  were 
dried  or  diflblved  in  water,  they  were  not  capable  by  any 
means  of  refuming  their  former  (hape :   and  it  appears 
that  their  formation  even  in  the  animal  body  is  accom- 
pliflied  with  great  difficulty,  at  lead  much  lefs  expcdi- 
tioufly  than  that  of  the  other  component  parts  of  the 
blood;  for  in  thofe  animals  that  have  loft  much  blood, 
although    the    fanguiferous  veflfels    are   fpeedily    filled 
with  red  blood,  yet  it  continues  thin  and  pale  for  a  confi- 
derable  time,  and  when  examined  by  the  microfcope, 
few  red  particles  are  to  be  found  in  it.     This  ingenious 
philofopher  does  not  attempt  to  offer  any  further  conjec- 
tures refpe«Sling   the   nature   and   conftru6lion   of  thefe 
particles. 

The  next  circumftance  to  be  confidered  is  their  colour.  Their  co- 
It  was  fuppofed  by   the  ancients  that  there  was  only  one  ''''^" 
kind   of  blood ;  thus  Eraf.ftratus   taught  that  the  veins 
contained  the  blood,  whilfl  the  arteries  only  contained 
p  fpirit*     palcn,  however^  ipeaks  of  the  blood  on  one 
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Ijdc-  of  the  heart  being  more  florid  thian  on  the  other, 
which  florid  blood  was  the  arterial.  The  celebrated 
Harvey,  and  the  firft  believers  of  the' circulation,  were 
of  opinion  that  there  was  no  diffeience  between  the 
arteVial  and  venous  blood,  either  in  colour,  denfity,  or 
in.  their  elements.  Some  time  after  Harvey,  when  the 
fuhje^l  of  the  r^^dncfs  of  the  blood  came  to  be  invedi- 
gated,  it  gave  rife  to  many  difputes.  Some  pretended, 
as  the  microfcopifts,  that  it  arofe  from  ihe  reunion  of  a 
V  certain  quantity  of  globules,  and  the  colour  difappeared' 
on  their  being  divided.  Hoffmann  thouo-ht  he  had  found 
the  caufe  in  the  union  of  the  alkali  with  the  fpirituous 
matter,  which  he  fuppofed  to  exift  in  the  blood.  Other 
eheniifts  attributed  it  to  different  falts,  and  it  was  ob- 
fervcd  by  Senac,  in  his  work  on  the  heart,  that  falts 
Hiight  augment  it's  red  colour  without  increaflng  it, 
X  After  making  various  obfervations,  he  relates  that  the 

arterial  blood  is  alwavs  of  a  more  red  and  lively  colour 
than  the  venous;  that  this  colour  is  the  more  exalted  as 
tlie  action  of  the  arteries  is  the  more  violent ;  that  ir^ 
young  people  it  is  more  red  and  high  coloured  than  in 
old :  and  thefe  obfervations  were  fuflicient  for  fome 
authors  to  find  the  caufe  of  the  rednefs  in  the  aftion  of 
the  veffels,  in  the  multiplicitv  of  the  globules,  and  in 
the  feparation  of  the  lymph  ;  but  the  numberlefs  objec- 
tions to  which  thefe  theories  were  expofed  foon  made 
it  neceffary  to  form  more  fatisfa6lorv  explanations. 

Several  old  authors  had  obfcrvcd  that  blood,  when 
agitated  in  the  open  air,  immediately  acquired  a  redder 
colour  than  before;  and  this  aft,  which  till  now  had 
not  appeared  tg  be  very  intcreP.ing,  immediately  fixed 
the  attention  of  phyfiologifts,  and  there  was  reafon  to 
believe  that  it  might  lead  to  the  caufe.  Hewfon,  after 
many  careful  experiments,  announced,  although  it  had 
been  done   before  him,  that  the  combination  of  the  air 
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with  the  blood  was  fufficient  to  colour  this  fluid.-  The 
only  difficulty  now  was  to  indicate  what  body  it  was  in 
the  bloody  that  the  air  principally  fixed  upon  in  order  to 
become  the  colouring,  principle,  and  this  difficulty  was 
foon  taken  away  on  recollecting  that  the  blood  contained 
iron.  This  difcovery  is  due  to  Badia,  who  is  faid  to  be  iron, 
the  firft  that  found  iron  in  this  fluid,  and  all  opinions 
united  and  agreed  to  confider  the  combination  of  iron 
with  the  air  as  the  caufe  of  the  red  colour. 

Menghini  is  the  chemift  who  appears  to  have  the  beft  Experiments 

followed  the  conftant  and  uniform  track  of  nature,  re-  * ' 

lative  to  the  diftributioh  of  this  metal  in  blood,  the  pre- 

fence  of  which  deprived  of  it's  colouring  part,  is  a  faft 

equally  important  as  the  difcovery  of  a  free  alkali.     Some 

chemifts  fuppofed,    and  amongft  thefe  were  Geoifrov, 

that  this   metal  being  found  in  the  aihes  of  blood  was 

the  effeCl  of  the  fire ;  others,  as  Lemery,  pretended  that 

it  was  already  formed  in  the  bjood,  and  that  the  fire  only 

expofed  it  by  deftroying  the   bodies  with  which  it  was 

mixed;  whil ft  others  believed  it  to  be  the  produftion  of 

the  vefTe^s  in  which  the  combuition  of  the  blood  had 

.been  made.   Amidft  thefe  doubts  and  conjeftures,  jNIen-- 

ghini  continued  to  feparate  the  iron  v.'ithout  the  affiftance 

either  of  calcination,  or  any  inftrument  the  influence  of 

which  might  be  fufpe6led  :  the  method  he  made  ufe  of 

was  to  dry  fome  blood  by  a  flove  heat,  and  he  found 

that  the  powder  obtained,  whei^  expofed  to  the  loadftone, 

became   very  fenfible   to  the  magnetic  impreffion.     He. 

found  that  there  was  a  more  confiderable  quantity  in  the 

human  blood   than    in  that   of  quadrupedg,  that  there 

was  lefs  in  fifh,  and  ftill   lefs  in  that  of  birds:  and   he 

.  concludes,  that  in  the  animal  body  the  blood  is  the  onlv  ' 

true  receptacle  for  it,  and  the  experiments  and  obferva- 

tions  which  have  beei^  iTiade^  fiiice  thofe  of  this  learned 
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Italian  cbcniifT,  have  confirmed  and  developed  the  truth's 
that  arc  cftabliHied  in  his  works. 

Kouclle  had  likewife  paid  particular  attention  to  th^ 
examination  of  the  coagulum  of  the  blood  ;  bui  a  prema- 
ture death  interrupted  his  labours,  and  deprived  the 
fciencc  of  chemiflry  of  one  of  it's  moft  dlllinguiftied 
votaries,  li'his  examination,  indeed,  required  both  phy- 
ilologlcal  and  chemical  knowledge,  and  Bucquet,  who 
appears  to  have  united  both  with  a  great  deal  of  in- 
duftry  and  perfeverance,  is  the  next  author  to  whom 
we  arc  to  look  for  information. 
Bucqiie*.  This  phyfician,  whofe  experiments  on  ftfrum  have 
been  already  related,  has  likewife  made  the  coagulum  the 
fubjcvSl  of  his  refe arches. 

The  coagulum,  according  ,to  this  chemift,  is  com- 
pofed  of  tv/o  parts,  the  fibrous  matter  and  the  fanguineous 
globules.  He  confiders  the  fibrous  matter  as  having  the 
greateft  tendencv  to  become  concrete  of  all  the  circulat- 
ing fluids,  and  he  thinks,  that  when  once  coagulated, 
it  cannot  be  diffolved  by  water.  The  fmalleft  degree  of 
warmth  is  fufficient  to  harden  It  in  a  peculiar  manner, 
and  before  it  has  even  loft  it's  moifture.  It  then  imme- 
diately becomes  of  a  dirty  gray  colour,  diminifhes  in 
volume,  and  becomes  contracled  like  parchment.  It 
-  gives  on  dlftillation  nearly  the  fame  produ6ls  as  the 
ferum,  but  the  remaining  coal  is  much  thicker  and  more 
folid.  If  it  be  well  waftied  before  diftillation,  the  coal 
contains  neither  common  fait  nor  mineral  alkali.  It  Is 
much  eafier  incinerated  than  the  coal  from  the  ferum, 
and  it's  very  white  aihes  contain  neither  fait  nor  iron. 

He  found  that  this  fibrous  part  was  not  to  be  diffolved 
by  boiling  water  ;  but  became  rather  hardened  and  of  a 
gray  colour.  It  is  likewife  folublc  neither  in  alcohol,  oils, 
yolk  of  ^gg,  alkalis,  nor  in  the  cauftic  volatile  alkali, 
which  fo  readily  diflblves  the  coagulum  of  the  ferous 
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part;  but  Is  ealily  difTolved  by  all  the  acids,  even  by 
vinegar,  and  it  may  be  again  feparated  from  them  either 
bv  water,  or  flill  better  by  alkalis.  Thefe  properties  are 
very  curious,  and  according  to  this  chemiil^,  refcmble 
moll  of  the  properties  of  the  glutinous  part  of  flower, 
and  of  the  cafeous  part  of  milk. 

With  refpc6l  to  the  red  part  of  the  coagulum,  erred 
globules,  they  may  be  eafily  feparated  from  the  fibrous 
part  by  fimple  lotion^  and  the  tranfparency  of  the  co- 
loured liquor  announces  a  perfect  folutlon  of  them.  In. 
this  ftate  he  thinks  it  differs  very  little  from  the  ferum, 
except  in  colour.  It  is  like  the  ferum  coagulated  by 
heat,  by  acids,  and  by  alcohol,  and  is  foluble  in  volatile 
alkali,  and  affords  the  fame  products  by  diftillation.  It's 
coal  is  likewife  equally  light,  contains  common  fait  and 
mineral  alkali,  and  is  of  difficult  incineration.  He  has 
however  obferved  that  the  cinder  or  aflies  have  their  brown 
red  colour  from  the  iron  they  contain  ;  it  refembles  the 
colour  of  the  faffron  of  Mars,  and  is  in  large  quantity. 
In  his  idea,  therefore,  of  the  coloration  of  blood,  he  has 
adopted  the  fentiment  of  Menghini.  He  alfo  believes 
that  the  want  of  colour,  or  the  decoloration  of  this  fluid 
in  certain  chronic  difeafes,  ii  owing  to  the  abfence  of  this 
metal,  and  that  the  colour  is  again  to  be  rellored  by  the 
♦ife  of  martial  preparations. 

Although  the  ingenuity  of  chcmifts,  particularly  of  sage. 
Bucquet,  had  made  great  progrefs  in  the  examination  of 
the  blood,  they  had  not  found  out  under  what  form  it 
was  that  the  iron  exifted  in  it,  nor  was  there  any  more 
certamty  to  be  collected  from  the  idea  of  Sage,  who  con- 
jp6lured  that  it  was  prefent  in  a  ftate  of  combination  with 
the  phofphoric  acid. 

At  the  time  Bucquet  publifhed  his  experiments  on  this 
important  fubjeft,  a  revolution  was  preparing  in  the 
fcience  of  chemiftry,  which,  by  adding  new  ide^  on  the 
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compofitlon  of  bodies,  to  thofe  that  had  been  already" 
received,  muft  neceflarily  conduce  to  the  difcovery  of 
new  means  to  examine  them.  It  was  in  confequence 
of  this  event  that  chemiils  began  to  be  convinced,  that 
the  fluid  produ£ls  obtained  in  the  receivers,  by  diftiila- 
tion,  were  not  alone  defcrving  their  attention ;  but 
that,  to  gain  a  more  perf(;6l  knowledge  of  the  compo- 
nent parts  of  bbdies,  it  was  likewife  neceflfary  to  direct 
their  examination  towards  the  volatile  and  aerial  parts> 
which  hitherto  had  efcapcd  their  obfcrvation,  or,  at 
leaft,  had  been  very  little  attended  to.  The  knowledge 
which  had  been  attained  by  the  promoters  of  the  new 
chemical  doctrine,  refpe<Sling  the  compofition  of  the 
atmofphere,  and  the  difcovery  of  new  gafes,  was  the 
principal  means  which  fome  chemifls  made  ufe  of 
to  explain  certain  fafts  which  occurred  from  the  ex- 
amination of  the  blood  ;  and  they  more  particularly  ap- 
plied it  in  the  explanation  of  the  caufe  of  it's  red  co- 
lour, as  well  as  of  feveral  other  properties  that  charac- 
terize it. 

Having  determined,  pretty  exactly,  the  componervt 
pafts  of  the  atmofphere,  the  next  circumftance  to  be 
attended  to,  previous  to  the  explanation  of  the  pheno- 
mena which  the  uew  method  of  examining  bodies  offers, 
was  to  know  how  this  aerial  fluid  a£led  during  refpira- 
tion,  which  may  be  found,  in  detail,  at  the  article  rc- 
fpiration. 

During  this  procefs  it  was  fuid  that  one  part  of  the 
oxygen,  or  vital -part  of  the  atmofphere,  combines  with 
the  venous  bipod,  and  changes  it's  colour  to  a  vermilion  ; 
a  fecond  portion  of  the  oxygen  unites  with  the  carbon 
contained  in  the  carbonated  hydrogenous  gas  of  the 
venous  blood,  and  forms  carbonic  acid  gas  ;  a  third 
part  imites  with  the  carbon  of  the  mucus  of  the  lungi, 
and  this  part,  likewife,   forms  carbonic  acid  \    a  four^ 
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part  combines  with  the  hydrogenous  gas  of  the  blood, 
and  forms  water,  which  exhales  during  expiration ;  with 
vdpeS.  to  the  caloric,  which  was  looked  upon  as  a  ma- 
terial fubftance,  ohe  part  of  it,  which  the  decompofed 
vital  air  contains,  remains  united  with  the  oxygen  ;  ano- 
ther part  of  the  caloric  enters  into  combination  with 
the  carboiiic  acid,  to  form  a  gas,  and  the  thifd  part 
produces  the  temperature  to  form  the  water,  by  the 
combination  of  the  hydrogen  and  oxygen  gases. 

The  firft  chemift  who  has  enlarged  our  views  on  the 
nature  of  the  blood,  and  who  examined  it  according  to 
the  principles  of  the  new  fyftem,  is  Fourcroy.  This  ce-  Fourcioy* 
lebrated  chemift  has  opened  a  new  rout  on  this  fubjeft, 
and  he  begins  his  inveftigatiori  at  the  moment  this  fluid 
flows  from  the  velTels. 

He  found  that,  on  agitating  pretty  brifkly  all  the  parts 
of  the  blood,  as  it  comes  from  the  veffel  of  an  animal, 
and,  for  fome  fhort  time  after,  it's  coagulation  is  pre* 
vented  ;   the  only  fubftance  that  feparates  is  a  fpongy 
matter,  of  a  flocky  appearajice,   which  fwims  on  the 
furface.     As  blood  is  ufed  in  feveral  of  the  arts,  this 
method  is  ufed  by  the  butchers  previous  to  their  felling  it* 
He  found  that  blood,  after  having  been  drawn  from  the 
body  of  the  animal,  remains  at  20°  of  the  thermometer.  At 
the  moment  of  it's  coagulation,  according  to  this  che- 
mift, a  quantity  of  caloric  is  difengagcd,  which,  by  raifing 
the  temperature  5^,  makes  the  thermometer  be  at  25^. 
Agitated  bloody  the  principles^  of  which  have  been  prevent- 
ed from  feparating,  on  cooling  coagulates  at  55°  of  Reau- 
mur.   During  this  coagulation,  a  number  of  air  bubbles 
feparate,  which  remain  adhering  to  the  fide  of  the  vef- 
fel ;  likewife  in  the  internal  part  a  number  of  cells  is  ob- 
ferved,  which  muft   have  originated  from  fome  elaftic 
fluid  that  had  been  difengaged.     This  coagulated  mafs 
tas  an  odour  and  conliftence  very  much  refembling  thofe 
VOL.  z,  £ 
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of  the  white  of  a  boiled  egg,  and  is  of  a  grayifli  pearl  ta^ 
lour.  During  this  coagulation  a  milky  or  rather  opaline 
coloured  fluid  is  feparated,  which  froths  very  much  on 
agitation,  and  changes  vegetable  blues  to  green. 

If  this  agitated  blood  be  expofed  to  dephlogifticated  air, 
in  a  very  few  hours  it  becomes  of  a  more  lively  red  than 
before.  A  few  days  after  it  had  acquired  a  beautiful  purple, 
and  on  agitation  it  changed  to  a  beautiful  fcarlet  red 
colour.  Being  ftill  expofed,  it  became  of  a  deep  co- 
lour like  that  of  the  leys  of  wine,  and  it  was  with  great  dif- 
ficulty rt  refumed  it^s  former  fcarlet  colour  by  agitation. 

The  air  found  to  have  arifenfrom  it  was  carbonic  acid  gas^, 
that  had  been  formed  from  the  carbon  of  the  blood  and  the 
oxygenof  the  vital  air.  This  blood  on  expofureto  hydrogen 
gas,  loft  in  a  few  days  it's  natural  colour  and  brilliancy,  and 
was  brown  ;  a  few  days  afterwards  it  appeared  to  have  fe- 
parated  into  feveral  parts  by  undergoing  a  decompofition, 
it  had  an  oily  afpe6l,  and  it's  colour  was  purple  refembling 
wine  leys.  Thefe  changes  are  attributed  by  this  chemift 
to  the  abforption  or  diferjgagement  of  oxygen. 

Exficcated  blood  being  put  into  a  crucible  and  heated 
by  degrees,  it  became  at  firft  foftened  and  confiderably 
puffed  up ;  there  was  then  extricated  a  great  quantity  of 
very  fetid  greenifh  yellow  fumes,  this  was  fucceeded  by 
inflammation,  and  the  flame  was  white  and  manifeflly  oily. 
After  the  oil  and  ammonia  had  been  formed  and  difen- 
gaged,  there  was  a  formation  of  pruflic  acid  gas,  eafily 
known  by  it's  odour  refembling  peach  flowers,  and  it's 
property  of  precipitating  iron  blue.  In  about  fix  hours 
the  matter  was  confumcd  to  four -fifths;  it  became  fof- 
tened a  fecond  time,  from  the  faline  and  fixed  matters  it 
.contained ;  and  there  arofe-upon  it's  furface  a  purple  flame, 
accompanied  with  a  very  thick  fmoke  that  very  ftronglv 
irritated  the  eyes  and  nofe:  this  was  phofphorus  in  a  ftate 
of  combuftion,  vvhich  had  been  formed  by  the  uvStiun  of 
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the  carbon  on  the  phofphoric  acid.  The  refiduum  aflTord* 
ed  no  foda,  which  blood  is  known  to  contain,  it  having 
been  volatilized  by  the  exceffive  heat  i  but  muriat  of  foda 
was  found;  and  the  oxyd  of  iron  in  part  reduced,  as  it 
was  attracted  by  the  magnet;  it  refembled  that  from  the 
Ifland  of  Elba.  Exficcated  blood  diftilled  in  a  retort,  to 
which  a  pneumatic  apparatus  was  attached,  afford'jd  it 
firft  a  clear  liquid,  like  water,  then  carbonic  acid  gas>  and 
carbonat  of  ammonia,  which  appeared  on  the  fides  of  the 
glafs  in  the  form  of  beautiful  cryflals;  thefe  were  fucceed^ 
ed  by  a  fluid  oil,  hydrogen  gas,  and  an  oily  fubftance  of 
the  conliftence  of  butter. 

Befides  the  exa61:  manner  in  which  this  chemift  had  de-  Bile, 
compofed  blood  by  heat  and  collected  it's  products,  whe-" 
ther  in  a  fluid,  fixed,  or  aerial  and  gafeous  form,  he  made 
a  very  important  difcovery  of  the  prefence  of  the  bile  in  it> 
which  he  aflures  us  was  the  cafe.  He  firft  coagulated 
fome  blood  by  boiling  it  in  diftilled  water,  and  the  filter- 
ed liquor  was  of  a  green  colour  and  odour  perfeftly  ana- 
logous to  thofe  of  bile ;  when  evaporated  to  the  confif- 
tence  of  honey,  it's  bilious  odour  became  very  ftrong^ 
and  it's  green  colour  much  deeper.  On  diflfolving  this 
extract  again  in  water,  it  gave  it  a  greenifli  colour  and  the 
property  of  frothing  very  much  on  agitation.  This  fo- 
lution  was  precipitated  by  acids  and  alcohol ;  the  preci- 
pitate formed  by  the  laft  was  gelatin,  being  foluble  in 
cold  water.  The  precipitation  by  acids  was  a  real 
decompofition  fimilar  to  that  of  bile  when  treated  by 
thefe  reagents.  Hence  this  product  of  the  blood  pro- 
cured by  a  fimple  procefs  had  all  the  chara61:ers  of  the 
bile  of  the  ox,  viz.  it's  odour,  colour,  bitter  naufeous  fa- 
vour, and  it's  manner  of  being  a6led  upon  by  reagents. 
The  difcovery  of  this  fubftance  confirms  one  of  the  ideas 
of  the  ancients  on  the  compofition  of  the  blood. 

It  is  to  the  examination  of  the  ferous  part  of  the  blood  Serum- 
s  2 
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to  whi<?h  wc  are  indebted  for  the  difcovery  that  Fourcroy 
made  of  the  gelatin  exifting  in  this  fluid,  where  Rouelle 
and  th3  other  chemifts  had  only  found  albumen,  alkali, 
and  neutral  (alts.  The  exiftence  of  jelly  in  the  blood,  ac- 
cording to  thQ  writings  of  the  ancients,  was  out  of  all 
doubt ;  but  from  the  properties  they  attributed  to  it,  it 
appears  they  confounded  it  with  the  lymphatic  matter, 
which  in  feme  circumftances  has  really  the  fame  proper- 
ties, De  Haen  was  fo  convinced  of  jelly  in  the  blood, 
/  that  he  could  not  conceive  how  this  fluid  could  be  with- 
out it,  but  it  was  ncceflary  to  give  a  demonftration  of  it, 
and  Fourcrov  engaged  in  it. 

He  found  the  fpecific  gravity  of  ferumto  be  eight  times 
greater  than  water,  that  it  is  ealily  diffblved  by  water  from 
zero  to  the  temperature  of  50  and  ,55,  at  which  degree  it 
coagulates.  It  was  alfo  coagulated  by  acids  and  alcohol, 
and  heat  was  difengaged  at  the  time.  Serum  put  into  a 
glafs  veflel  of  the  thicknefs  of  one  line,  and  plunged  into  a 
bathof  diftilled  water,  coagulated  at  6o^  of  Reaumur,  the 
barometer  being  at  28  inches.  When  coagulated  it  was 
of  alight  grey  colonr,  it's  confiftence  and  odour  very  fi- 
milar  to  the  boiled  white  of  an  egg,  and  had  in  fome  mea- 
fure  it's  favour.  During  the  coagulation  a  liquor  fepa- 
rates  which  is  flightly  turbid,  this  is  gelatin  ;  on  evapora- 
tion, it  becomes  a  trembling  mafs.  In  the  blood  this  li- 
quor is  always  clear,  but  in  the  ferum  always  fomewhat 
opake. 

%  Serum  when  diluted  with  fix  parts  of  diftilled  water  was 
not  coagulated  by  the  boiling  heat,  or  by  evaporation,  to  a 
greater  than  natural  confiftence;  but  a  pretty  firm  tranfpa- 
rent  pellicle  appeared  on  it's  furface  refembling  that  oij 
heated  milk,  To  well  defcribed  by  Parmentier  and  Deyeux. 
Darcet  and  Scheele  likewife  knew  that  the  addition  of  a  cer- 
tain quantity  of  water  prevented  the  coagulation  of  ferum  by 
heat.    Mixed  with  half  or  even  with  twice  it's  weight  of 


FLUIDS.  53 

water,  it  coagulates,  and  on  evaporation  carbonat  of  fod^ 
and  marine  fait  are  obtained  ;  thefe  falts  it  appears  are  but 
(lightly  embarrafled  by  the  portion  of  gelatin  and  albu- 
men that  remain  diflblved"  in  this  water,  and  when  the 
liquor  is  ftrongly  evaporated,  they  feparate  on  cooling. 

The  circumftance  that  appeared  to  Fourcroy  the  mod 
worthy  of  being  recorded,  was  his  being  able  to  difcover 
the  caufe  of  the  coagulation  of  the  albuminous  matter  by 
heat.  Having  obferved  that  the  white  of  the  egg  became 
thick  in  procefs  of  time  by  contaft  with  the  air ; 
that  an  egg  that  had  been  kept  a  long  time,  fo  as  to  be 
able  to  have  abforbed  the  air,  was  much  fooner  boiled  or 
hardened  than  a  frefli  egg;  and  that  the  laft  never  became 
fo  hard  as  an  old  egg ;  he  concluded  that  the  fixation  of 
oxygen  was  the  caufe  of  this  coagulation,  and  that  a  cer- 
tain degree  of  heat  was  neceflary  to  unite  the  albumeri 
with  the  oxygen,  the  fame  asit  is  neceilary  in  the  com- 
buftion  of  all  combuftible  matters,  in  the  oxvdation  of 
metals.  Sec.  It  was  in  this  manner  that  the  thickening 
of  the  lymphatic  liquids  in  the  air,  the  formation  of  the 
white,  thick,  homogenous  and  concrefcible  pus  in  open 
wounds,  and  in  ulcers  of  the  lungs  which  admit  the  air, 
had  been  explained  5  but  a  direct  experiment  was  required 
to  remove  all  obje^lions.  Several  drachms  of  ferum  were 
therefore  mixed  with  an  oxyd  of  quickfilver  that  had  been 
precipitated  by  potafh  from  the  oxygenated  muriat  of 
mercury;  and  it  was  found  that  in  about  12  hours  the 
oxyd  had  lofl  it's  redncfs  and  was  become  black  or  grey, 
which  announced  a  Reparation  of  the  oxygen  and  a  re^ 
du6tion  of  the  oxyd,  whilfi  in  proportion  as  this  took 
place,  the  ferum  was  found  to  thicken,  it  was  even  very 
hard  on  it's  furface,  and  by  agitation  the  whole  became 
perfeftly  concrete  and  folid. 

Having  thus  accounted  for  the  coagulation  of  the  aibu- 
Ttien,  the  curiofity  of  this  chemift  was,  next  direded  ta 
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compare  the  blood  of  the  human  foetus  with  that  of  the 
adult.  He  remarked  that  the  blood  which  had  been 
drawn  a  few  hours  from  the  umbilical  cord  of  a  newly 
born  infant  was  coagulated.  The  ferous  part,  which  was 
very  abundant  had  a  red  colour  tinged  with  brown  ;  it 
fenfibly  changed  paper  ftained  with  mallows  to  a  green 
colour;  it  coagulated  at  a  heat  of  5  3°  of  Reaumur,  the 
barometer  being  at  27  inches  8  and  -^^  lin.;  but  it  was 
not  fo  folid  as  that  of  the  blood  of  the  ox,  and  a  great  part 
of  the  fcrum  remained  uncoagulated.  It  was  not  white 
when  coagulated,  but  being  combined  with  a  certain 
proportion  of  colouring  matter,  this  coagulum  had  a 
brownifh  grey  colour.  The  filtered  liquor  from  this  coa- 
gulated ferum,  diluted  withdiftilled  water,  was  not  fenfi- 
bly troubled  by  lime  water,  hence  Fourcroy  concludes 
that  the  ferum  of  the  foetus  contains  no  phofphoric  acid. 

The  coagulum  was  not  fo  folid  as  that  of  the  adult,  it 
was  of  a  deep  brown  red  colour,  hence  it  does  not  be- 
come fo  completely  red  as  that  of  thofe  who  have  refpir- 
cd  ;  there  only  appeared  to  be  fonie  red  threads  which  va- 
jriegated  the  furface  of  the  brown  mafs,  fo  that  it  feemed 
to  be  veined  with  a  purple  red  on  a  ground  of  a  dark 
brown.  This  coagulum  well  waflied  with  diflilled  water 
did  not  afford  {  of  fibrous  matter.  The  wafh  expofed  to 
heat  coagulated,  and  the  filtered  liquor  after  having  been 
evaporated  to  14  (liowed  no  figns  of  the  prefence  of  phof^ 
phoric  acid.  From  thefe  experiments  the  blood  of  the 
human  foetus  differs  from  that  of  the  adult  in  three  re-f 
markable  properties  :  ift.  It's  colouring  matter  has  a 
deeper  fhade,  and  is  not  fufceptible  of  receiving  the  fplen* 
did  purple  by  the  conta^  of  the  atmofpheric  air;  2d.  It 
contains  no  fibrous  matter  concrefcible  on  cooling,  the 
thick  and  coagulated  portion  inflead  of  it  feems  rather  to 
approach  to  the  gelatinous  matter  ;  3d.  It  contains  no 
phofphoric  acid.     It  appears  to  this  chemifl^  that  th.^ 
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firft  two  chara6lers,  fo  different  from  thofe  obferved  in  the 
blood  of  young  people  and  of  adults,  manifeftly  arife  from 
the  foetus  not  having  refpired,  the  contac^t  with  the  at- 
mofpheric  air  not  kaving  yet  modified  the  nature  of  this 
fluid  by  the  caloric  it  affords,  and  by  the  carbon  it  abforbs 
from  it  during  the  a6tof  refpiration.  The  great  difficulty 
of  procuring  this  blood  in  fufficient  quantity  prevented 
this  chemift  from  purfuing  the  comparative  experiments 
he  defired,  which  are  neceffary  to  render  it's  analyfis 
more  exaft.  To  this  account  of  the  inveftigation  of  the  Piuffian 
blood  may  be  added  the  curious  fa<ft  of  this  chemift  hav-  l\'^^^^  ^^^ 
ing  found  real  native  pruilian  blue  in  the  blood  of  a  fick 
perfon,  which  on  expofure  to  the  air  affumed  the  bright- 
fft  blue  colour. 

Having  defcribed  the  principal  part  of  the  labours  of  Parmentler 
the  ancients  and  moderns  on  the  analyfis  of  the  blood,  to  ^^'    "-y^^^' 
the  time  that  Fourcroy  placed  the  nature  of  this  fluid  in 
a  new  light,  we  proceed  to  give  the  details  of  the  cxperi-     * 
ments  of  two  of  his  fucceffors,  Parmentier  and  Deyeux, 
whofe  combined  diligence  and  talents  have  enriched  the 
fubjeft  with  the  moft  interefiing  fa6ls  and  obfervations. 

Parmentier  and  Deyeux  commencing  their  inveftiga- 
gation  of  the  blood  as  it  comes  from  the  veffels,  ob- 
ferved, that  it  differs  very  little  at  that  time  from  what  it  is 
in  the  living  animal,  but  it  foon  changes  it's  ftate,  and  the  rna 
lirft  alteration  is  manifefted  by  the  lofs  of  it's  fluidity,  it's  ^'^^"^o*. 
heat,  it's  odour,  and  it's  homogeneity. 

They  obferved  that  whatever  is  fufceptible  of  altering  Aroma. 
the  nature  and  properties  of  the  blood  has  a  Angular  in- 
fluence on  it's  aroma  or  odour.  To  this  may  be  attribut- 
ed the  more  or  lefs  lively  imprefl[ion  a  perfon  receives 
from  this  fluid  as  it  flows  from  the  veffels,  or  on  entering 
a  butchery,  the  floor  of  which  is  wet  with  the  blood  of  a 
newly  killed  animal.  This  odour  is  fometimes  fo  ftrong 
as  fcarcely  to  be  fupported,  at  leaft  by  fome  people,  in- 
E4 
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duciiig  a  dlfpofition  to  fyncope  or  an  inclination  to  vo- 
mit. 
Properties        Tlils  aroma  or  odorous  prli  qlple  of  the  blood  had 
fi^ed  the  attention  of  the  chemifts,  but  the  only  circum- 
ftances  known  of  it  were,  that  it  is  foluble  in  water,  and 
tliat  the  fluid  which  holds  it  in  folution  changes,  and  in  a 
fhort  time  contracts  a  putrid  odour.  Prefuming  that-theft? 
were  not  it's  only  properties,  thefe  two  ch^mifts  endea- 
voured to  inveftigate  it  further  ;  and  they  conclude  from, 
their  experiments  that  there  is  no  fpirit^ous  or  inflam-. 
flammable  principle  connected  with  the  odorous  part,  a? 
fomc  authors  have  pretended;  but  that  thedeletericus  qua- 
lity which  has  been  experienced  upon  refpirjng  it  in  large, 
quantity  is  of  a  peculiar  nature,,  and  cflcntially  different 
from  that  produced  by  mofet  and  carbonic  acid  gas;  and 
that  the  means  made  ufe  of  to  detect  the  prefence  of  thefe 
laft  are  iafufficient,  to  eftablifh  the  properties  of  the  gas 
•     that  efcapes  from  the  blood.     On  examining  it's  nature,, 
they  found  the  afEnity  of  the  odorous  principle  with  the 
atmofphere  to  be  inferior  to  that  which  it  has  for  wa^. 
jn  xifibn'     ter,  and  that  the  laft  feized  it  with  great  avidity.     They 
i^hericX"  ^^^^  "P^'^  ^^  ^^  ^^  ^  compound  body  fufceptible  of  change, 
that  it's  alteration  is  more  fudden  wjienaffifted  by  a  warn; 
temperature,  and  that  it  is  at  the  moment  this  change 
takes  place  that  the  difagreeable  odour  is  perceived,  which 
5s  not  to  be  confounded  with  that  which  exhales  from  ani- 
mal matter  the  putrefaction  of  which  is  complete,  becaufe 
the  laft  contains  ammonia. 
VTith  water.      Having  examined  this  odorous  principle  in  combina- 
tion with  the  atmofpheric  air,  they,  tried  it  when  in  folu- 
tion in  water.     To  procure  it  in  this  ftate,  they  diftilled 
fome  venous  blood  newly  drawn  from  the  ox,  on  a  water 
bath,  and  they  obtained  in  the  receiver  a  tranfparent  co- 
lourlefs  fluid,  of  an  odour  fimilar  to  what  the  blood  ex-' 
hales^  and  having  a  difagreeable  naufeoua  favour.     This 
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B,ew3y  diflilled  fluid  was  not  aflfp<Sltd  by  the  ordinary  re- 
agents. Evaporated  on  the  water  bath  it  left  no  refidaum, 
3ind  on  being  kept  for  fome  time  in  a  well  clofed  bottle 
it  became  putrid,  and  lightly  changed  the  fyrup  of  violets 
green.  This  odorous  water  loft  it's  odour  likewife  at  a 
degree  of  heat  capable  of  making  it  fimmer. 

It  is  likewife  folubie  in  alcohol,  but  the  odour  of  this  Wuhalc^* 
liquor  is  not  at  firft  very  marked,  it  becomes  however  very- 
evident  on  diluting  it  with  watt  r.     Reagents  have  no  ef- 
fedl  upon  it. 

Thefe  chemifls,  from  ithe  above  experiments,  are  of  Anai'^goHs 
opinion  that  this  odorous  principle  of  the  blood  is  ana-  lusVeaor'S 
}ogous  to  the  ffprit  reSleur  of  plants,  fince  both  of  them  P'^"^^ 
iaffe£l  very  fenCbly  the   organ  of  fmell,  are  volatile,  are 
folubie  in  water  and  in  alcohol,  and  their  folution  is  not 
fenfibly  a6i:ed  upon  by  reagents.     The  moft  remarkable 
and  peculiar  property  of  this  odorous  principle,  is  being 
fubje6l  to  a  quick  decompofition,  in  which  ftate  it  ex- 
bales  a  difagreeable  and  fometimes  a  putrid  fmell.    They  Withotfcer 
conclude  however  by  obferving  that  there  is  a  complete  ftmces, 
analogy  between  it-  and  other  animal  fubftances,  fince 
xnilk,  bile,  mufcle,  the  Urine,  &c.  have  each  an  odorous 
principle  which  ferve^  to  diftinguifh  them,  and  the  pro. 
perties  of  which  refemble  thofe  of  the  odorous   principle 
of  the  blood.     It  is  in  this  aroma  that  the  firft  alteration 
of  animal  fubftances  takes. place,  to  prbv£  which  it  is  only 
neceifary  to  obferve  what  pailes  intheajr  and  water,  which 
contain  this  principle  in  folution. 

On  repeating  the  experiments  ofFourcroy,  thefe  che- No  bile  in 
mifts  found  in  contradidion  to  the  aiTertion  of  that  che-  *'^®  ^^"^^^ 
mift,  that  blood  in  a  healthy  ftate  contains  no  bile,  eir- 
ther  in  it's  ferum  or  coagulum.  They  allow,  however, 
that  it  may  perhaps  be  prefent  fometimes  in  difeafed 
blood,  fince  it  appears  from  fome  phyficians,  that  the  mu- 
cous and  milky  humours  are  known  fuddenly  to  quit 
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their  organs  to  overwhelm  the  mafs  of  blood ;  at  the  fame 
time  the  numerous  contracli6lions  to  be  met  with  in  books 
which  treat  of  animal  analyfis,  often  arife  from  the  ex- 
periments having  been  made  on  the  fubftances  in  very 
different  ft ates,  which  they  are  known  to  undergo;  an 
inftance  of  which  is  in  the  urine,  for  in  cold  weather  the 
firft  alteration  in  it  is  that  of  acefcency,  whilft  in  hot 
weather  it  is  fcarcely  or  not  at  all  obferved  from  the  alca- 
lefcency  that  fucceeds  it.  This  (hows  how  neceflary  it  is, 
in  order  to  obtain  fimilar  products  from  fimilar  experi- 
ments, to  have  the  fubftances  upon  which  they  are  to  be 
made  always  in  the  fame  ftate  and  un^er  the  fame  circum-. 
ft'ances, 
:^eium.  Many  phyficians  have  endeavoured  to  determine  by 

different  experiments  the   quantity  of  ferum  contained 
in  the  blood.     Some  have  pretended  that  it's  quantity  is 
nearly  equal  to  half  of  the  whole  mafs  that  comes  from 
the  veins  of  a  healthy  fubje(3: ,  others  have  affirmed  that 
it  forms  only  iteex^wwiels  at  moft.     From  the  experi- 
ments of  Parmentier  and  Deyeux  it  appears,  that  the 
great  difficulty  of  afcertaining  this  fa6t,  as  well  as  pro- 
curing ferum  in  a  ftate  proper  for  chemical  analyfis,  arifes 
from  the  jrreat  variations  it  admits,  in  it*s  cohefion  with 
the  coaj^ulum.     To  obtain  this  ferum  pure,  u  e.  with  the 
,  colour  that  naturally  belongs  to  it,  it  is  neceffary  that  the 
veffel  which  contains  the  blood  be  fet  in  a  place  of  repofe, 
at  leaft.  during  an  hour,  as  the  flighteft  motion  is  able  to 
affe6l  and  oppofe  the  feparation  of  this  part.    On  repeated 
examination  of  the  ferum,  thefe  chemifts  found  that  it 
contained  (as  their  predeceffors  had  proved  before  them) 
water,  albumen,  gelatin,  neutral  falts,  and  mineral  al- 
kali or  foda.  But  it  remained  to  determine,  whether  thefe 
fubftances  are   in  a  combined  ftate,  or  exift  feparately, 
each  of  them  enjoying  their  refpe(ftive  properties.     This 
cjueftion   was  the  more  intereftitig    to    determine,    as 
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Rouelle,  the  only  chemift  that  had  been  any  ways  fuc- 
cefsful,  feems  to  have  increafed  the  incertitude  of  it  by 
concKiding,  that  the  falts^  and  efpecially  the  alkah, 
were  not  combined  with  the  other  condituent  parts  of 
the  blood.  Thefe  chemifts  find  it  difficult  to  conceive 
how  Rouelle  could  make  fuch  a  concluiion^  fince  it  is 
unreafonable  to  fuppofe,  that  the  fixed  alkali  in  the  ferum, 
together  with  the  gelatin  and  albumen,  can  remain  by 
the  fide  of  thefe  two  fubftances  and  circulate  with  them, 
when  experience  proves  that  fi:xed  alkali  when  mixed  with  ^ 
them  increafes  their  folubility. 

As  a  proof  of  this,  if  fonie  dephlegmated  fpirit  of  wine 
be  added  to  frefii  ferum,  the  mixture  will  become  imme- 
diately turbid,  and  the  albumen  feparated.  If  very  pure 
alkali  be  poured  on  this  albumen,  it  will  be  difTolved,  and 
the  water  with  which  it  fhall  be  mixed^  will  be  tranfpa-. 
rent. 

To  this  it  may  be  objc£led,  that  the  proof  of  the  fix^d 
alkali  not  being  combined  with  the  albumen  is,  the  ferum 
changing  the  fyrup  of  violets  to  a  green,  a  phenomenon 
which  ought  not  to  take  place,  if  the  pretended  combi- 
nation exifted.  But  it  may  be  anfwered,  that  there  is  a 
combination  of  the  albumen  and  gelatin  with  the  fixed 
alkali,  in  the  fame  manner  as  there  is  between  oils  and 
the  alkali ;  and  it  is  well  known  that  the  mofi:  perfect 
foap  has  the  property  of  changing  the  fyrup  of  violets 
green,  and  nobody  certainly  can  doubt,  but  that  the  fixed 
alkali  in  the  foap  is  combined  with  the  oil. 

It  may  perhaps  be  flill  obje<Sled,  that  any  analogy  be- 
tween the  pretended  combination  of  the  albumen  in  the 
one  cafe,  and  the  foap  in  the  other,  is  fo  much  Icfs 
founded,  as  this  laft  matter  foluble  in  water  is  infinitely 
more  fo  in  fpirit  of  wine,  whilft  the  folution  of  the  albu- 
men by  the  fixed  alkali  is  not  foluble  in  fpirit  of  wine, 
this  fluid  decomppfing  it.     To  this  objection  thefe  che^ 
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mills  look  upon  the  anfwer  to  be  very  cafy.     In  eflablifh- 
ing  an  analogy  between  the  combination  of  oil  and  alkali 
forming  the  foap^,  and  the  combination  of  the  fixed  alkali 
with  the  albumen,  fuch  as  they  fuppofe  it  to  exift  in  the- 
ferum,  they  are  far  from  pretending  that  thefe  two  orders 
of  combinations  ought  to  have  a  perfect  refemblance ;  for 
it  is  well  known,  that  in  order  for  the  analogy  between 
two  bodies  compared  together  to  be  complete,  it  is  ne- 
ceflary,  that  the  parts  employed  in  their  formation  be 
abfolutely  the  fame  ;  without  this  condition  there  will  be 
always  a  fenfible  difference,  which  however,   in  other 
refpe^ls,  will  not  prevent  the  exiflence  of  an  evident  ana- 
logy.    Thus  for  example,  if  it  be  faid  that  the  muriatic 
acid  forms  a  fait  with  fixed  alkali,  and  that  this  fame  acid 
Jikewife  forms  a  fait  with  calcareous  earth ;  it  is  not  to  be 
iuppofed,  that  a  perfe6^  analogy  is  intended  to  be  eflabliihed 
between  thefe  two  falts,  fince  one  of  them  is  always  deli- 
quefcent,  while  the  other  eafily  takes  a  concrete  form :  but 
it  is  not  lefs  true  that  there  exifls  a  (imilitude  in  the  manner 
in  which  this  acid  combines  with  the  alkali  and  the  cal- 
careous earth  ;  hence  in  this  refpeft  there  is  an  analogy 
between  the  two  falts.  It  is  the  fame  refpe^ting  the  com- 
bination of  (he  albumen  with  the  alkali,  fome  of  the  pro- 
perties of  which  differ  from  thofe  of  the  foap  only  by  the 
conflituent  parts  of  thefe  two  bodies  not  being  perfe6lly 
fixed  alkali  alike.     It  therefore  appears   to  be  proved,  that  the  fixed 
m-ith  the  ai-  alkali  foLjnd  in  the  ferum  is  in  a  ftate  of  combination 
Vuxsen.       ^j^j^  ^1^^  albumen,  and  that  it  does  not  circulate  in  the 

blood  in  a  free  and  ifolated  flate. 

Tbemuriats      This,  howcver,  caunot  be  fuppofed  to  be  the  cafe  with 

ofpotai>ia"re  ^he  muHats  of  foda  and  of  potafh  that  exifl  in  this  fluid. 

*"a  'ed^^tate  "^^^^^  ^^^^^'  ^^^^  ^^^!^  "^  tendency  to  combine  like  the 

alkali,  may  be  looked  upon  to  be  in  a  difengaged  flate  in 

the  ferum,  hence  it  is  only  with  refpe<Sl  to  thefe  that  the 

opinion  of  Rouelle  ought  to  be  adopted. 
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From  the  very  ftri(9:  examination  which  thefe  chemifts  Suipiiur< 
made  of  this  albumen,  they  found  "^that  independent  of 
the  fixed  alkaU  combined  with  it,  it  Hkewife  contains 
•fulphur,  and  this  difcovery  is  one  of  the  mod  curious 
^nd  important  that  has  yet  been  made  in  the  analyfis  of 
the  blood. 

To  (how  the  prefence  of  fulphur,  the  albumen  muft  be  HoMrobtain- 
heated  in  a  lilver  veflel,  and  being  perfectly  dry,  be  made 
to  undergo  a  degree  of  heat  greater  than  that  of  boiling 
water,  when  the  part  of  the  veiTel  in  conta6l  with  the 
matter  will  foon  be  fcen  to  lofe  it's  metallic  fplendour, 
;ind  become  of  a  black  colour,  refembling  that  which 
fulphur  produces  when  heated  upon  a  filver  plate.  This 
fulphurmay  be  obtained  apart.  For  this  purpofe,  fome 
of  the  albumen  is  to  be  triturated  in  a  glafs  mortar,  with 
a  few  drops  of  a  well  faturatcd  folution  of  filver  ;  on  di- 
gefting  this  mixture  a  certain  time,  then  heating  it  after 
diluting  it  with  water,  fome  greyifh  threads  will  be  ob- 
ferved,  which,  by  degrees,  will  become  black,  and  will 
form  at  the  inferior  part  of  the  veffel  a  precipitate,  from 
which  it  will  be  eafy  to  extraft  the  fulphur  in  the  ordi- 
nary way.  In  (hort,  if  fixed  alkali  be  boiled  with  albu- 
men and  water,  a  liquor  will  be  obtained,  which  being 
filtered  and  mixed  with  diftilled  vinegar,  exhales  an  he- 
patic odour,  fufceptible  of  changing  the  colour  and  fplen- 
dour of  filver. 

With  refpe^t  to  the  prefence  of  this  fulphur  in  the 
ferum,  and  it's  origin,  different  quefliions  may  occur.  Is 
It  the  produ6l  of  animalization,  or  rather  according  to 
thefe  chemifi;s,  mufi;  it  not  be  attributed  to  the  decompo- 
fition  of  a  body  which  contained  it  already  formed  ? 
Without  engaging  in  any  difcufliion  that  might  lead  from 
the  principal  obje6l,  it  is  only  neceflary  to  obferve,  that 
the  albumen  of  the  blood  is  far  from  being  the  only  ani- 
mal matter  in  which  fulphur  is  to  be  olJtaiiied,  fince  it 


62  PLtrms. 

has  been  extratfted  from  the  white  of  the  egg ;  it  is  fuf- 
pe(Sled  to  exifl  in  bile,  and  it  is  prefcnt  in  great  abun- 
tlatice  in  the  fubllance  of  the  brain.  It  appears  to  thefe 
chemills  very  probable,  that  the  fulphur  which  is  found 
in  the  greater  part  of  the  animal  fluids  is  as  elfential  to 
thcni  as  their  neutral  falts,  and  fince  it  is  con-ftantly  found 
in  them  as  well  as  in  ferum,  it  ought  to  be  regarded  as  one 
of  their  conttituent  parts. 
Cfclatio.  Of  all  the  parts  of  the  ferum,  the  gelatin  which  it  con-  ' 

tains  more  particularly  engaged  the  attention  of  thefe  ^ 
two  chemills.  It  has  been  before  obferved,  that  Four-  ,^ 
croy  had  made  it  the  obje61:  of  his  examination,  but  th^ 
experiments  of  this  learned  chemift  being  repeated_,  and 
only  affording  infufficient  refults,  new  experiments  were 
necefTary  to  procure  it  in  it's  perfect  ftate,  which  was 
Method  of  effefted  in  the  following  manner : — About  ten  ounces  of 
oLtaiiung  It.  ^^^^  p^^^  ferum  were  expofed  to  the  heat  of  the  water- 
bath  in  a  glafs  bafon, ,  and  inftead  of  withdrawing  the 
velTel  immediately  after  coagulation  of  the  lymphatic 
part,  as  rs  the  cuftom,  it  was  permitted  to  remain  for 
half  an  hour  longer.  On  examining  the  matter,  it  was 
of  a  white  colour,  and  the  different  parts  that  touched  the 
internal  fides  of  the  veffel '  were  ft  re  wed  with  fmall  cells 
that  contained  a  yellowifh  matter.  On  the  furface  of  the 
coagulated  lymph  was  a  thick,  yellow,  tranfparent  fub- 
ftance,  having  all  the  appearance  of  a  jelly  5  half  an 
ounce  of  this  being  feparated,  and  fubmitted  to  different 
experiments,  prefented  the  following  properties. 

It  produced  the  fame  effects  as  glue  when  taken  be- 
tween the  fingers,  or  extended  upon  paper  ;  it  w-as  of  a 
mild  favour,  was  readily  diflblved  either  by  the  faliva  or 
by  water ;  the  lall  folution  on  being  expofed  to  a  humid 
and  warm  air,  foon  became  covered  with  a  mouldinefs  j 
in  this  ilate  it  had  a  fomewhat  acid  favour,  and  in  time  it 
bi:Came  putjid.     Another  portion  of  this  matter,  expofed 
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in  a  warm  place^  became  dry^,  and  formed  on  the  plate 
of  glafs,  where  it  was  extended,  a  tranfparent  layer,  as 
yellow  as  amber,  which  on  being  afterwards  diftilled  on 
a  naked  fire,  afforded  the  fame  products  as  the  jelly  of 
hartfhorn.  When  mixed  with  cauftic  foda,  diluted  with 
water,  it  was  foon  dififolved,  the  folution  was  clear  and 
tranfparent,  but  on  attempting  to  feparate  it,  inilead  of 
reappearing  in  the  gelatinous  ftate,  it  was  only  in  the  form 
of  white  flocks.  Having  repeated  thefe  experiments  on 
the  ferum  of  the  blood  of  many  animals,  thefe  chemifts 
were  convinced  of  the  exiilence  of  gelatin  in  the  blood, 
and  that  it  forms  an  eflential  conftituent  part  of  this 
fluid. 

They  likewife  obfcrve,  that  the  gelatin  feparated  in  the  part  of  it  in 
above  experiment  is  not  the  only  part  that  exills  in  the  JJ^e™^*"*^^ 
blood.  They  think  it  more  than  probable,  that  another 
portion  is  combined  with  the  cauftic  foda  found  in  this 
fluid,  by  which  combination  it  lofes  it's  peculiar  property 
of  appearing  in  the  form  of  jelly,  and  which  accounts 
for  it's  not  reappearing  with  this  property  in  the  feroflty 
where  it  is  thus  diflblved.  The  gelatin  therefore,  which 
is  manifeft  on  the  fubllance  of  the  furface  of  the  coagu- 
lated albumen  is  only  that,  which  not  having  found  a 
fufiicient  quantity  of  foda  in  order  to  be  diffolved,  natu- 
rally takes  the  thick  confiftence  which  belongs  to  it  when 
it  is  not  combined  with  a  foreign  body.  This  mode  of 
reafoning  is  fupported  by  the  phenomenon  obferved  on 
the  addition  of  fome  cauftic  foda,  that  had  been  added  to 
iome  ferum  :  for  on  heating  the  mixture,  gelatin  was  no 
longer  obtained,-  one  part  of  the  albumen  was  alfo  diflblv- 
ed, and  the  coagulum,  inftead  of  being  folid,  only  became 
of  a  foft  and  pultaceous  confiftence. 

It  now  remains  to  know,  if  the  foda,  the  albumen,  and 
gelatin,  are  in  an  ifolated  ftate,  and  circulate  fo  in  the 
hlood  without  being  combined  ;  or  rather  if  the  conibi-^ 
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hation  of  one  part  of  tiiefe  fubftances  only  takes  place 
when  the  ferum  is  coagulated  by  heat,  a  circumftance 
diiTicult  to  cletcrtnine. 

Having  already  proved  the  exigence  of  gelatin  in  the 
ferofitv,  the  next  thing  was  to  find  out  if  the  coagulum, 
as  well  as  the  fibrous  matter  feparatcly  examined,  would 
equally  afford  gelatin. 

Tht  aiialogy  of  the  fibrous  matter  with  the  mufcular 
lubdancei  gave  them  reafon  at  firft  to  fuppofe  that  gela- 
tin would  be  found  in  it.  For  this  purpofe,  one  pound 
of  fibrous  matter  was  feparated  from  the  blood  of  a  freih 
killed  animal  by  agitation,  and  boiled  for  about  half  an 
hour  in  diftilled  water.  The  liquor  was  then  evaporated 
on  the  water  bath  even  to  three  fourths :  on  cooling,  it 
afforded  no  jelly,  and  expofed  afterwards  to  the  air  in  a 
warm  place,  it  continued  to  evaporate  without  fhowing 
any  gelatinous  matter. 

They  were  not  more  fortunate  in  their  exainination  of 

the  coagulum,   from  which  the  ferum  had  been  feparated 

as  much  as  poffible. 

Gelatin  only      From  thefe  experiments,  it  would  appear  that  the  fe- 

rum  IS  the  only  part  or  the  blood  that  contams  gelatm, 

and  that  it  is  in  vain  to  look  for  it  in  any  other  of  the 

component  parts. 

Differs  m         It  was  likcwife  difcovered,  that  the  gelatin  is  not  con- 
different  .  . 
Uood,         ftantly  the  fame  m  the  blood  of  all  animals  ;  in  the  blood 

of  healthy  people  it  is  found  to  differ  both  in  confiftence> 
colour,  and  quantity;  and  equal  differences  are  obferved 
in  the  gelatin  of  the  blood  of  difeafed  people.  From  the 
firfi:  obfervations  which  Parmentier  and  Deyeux  made  on 
this  fubje61;,  they  were  In  hopes  of  finding,  that  the  (late 
of  the  gelatin  might  be  a  means  of  difcovering  the  nature 
"  ofthedifeafe :  but  experience  foon  taught,  that  they  were  de- 
ceived -J  for  in  people  labouring  under  the  fame  difeafe,  fome 
afforded  blood  the  gelatin  of  which  had  a  great  deal  of  con- 
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fidciice  and  was  in  large  quantity;  others  blood  of  which 
the  gelatin  was  much  forter  and  in  lefs  quantity.  In 
fhort,  it  would  feem^  that  it  is  with  the"Velatin  as  with  the 
fibrin  and  albumen,  which  are  never  identic  in  all  indi- 
viduals; that  their  peculiar  ftate,  their  nature,  and  their 
quantity,  depend  on  numberlefs  circumftances  relating 
to  organization,  which  it  is  impoffible  for  the  chemill 
either  to  appreciate  or  indicate. 

From  the  preceding  experiments,  the  opinion  of  Four- 
croy  on  the  exiftence  of  gelatin  in  the  feruni  of  the  blood 
has  therefore  been  confirmed  by  thefe  chemifts,  and  there 
is  reafon  to  believe  that  this  difcovery  may  be  a  means  of 
conducing  the  phyfiologift  to  the  true  theory  of  the  for- 
mation of  the  mufcular  fibre. 

■  Blood  that  is  frelb  drawn  from  the  vein  has  it's  furface  Coa^uhiion 
commonly  covered  with  a  froth,  a  great  part  of  w^hich  is 
diflipated  as  foon  as  formed.  The  blood  infenfibly  lofes 
in  volume,  and  a  thick  fubftance  is  feen  to  form  around 
the  fides  of  the  veifel  that  contains  it,  which  proceeds  to 
the  centre  ',  this  confiftence  increafes  until  the  whole  is  in 
a  ftate  fimilar  to  a  jelly.  When  the  coagulum  is  feparated 
from  the  fcrum  in  which  it  fwims,  it  is  tender  and  eafily 
divided  ;  internally  examined,  it  prefents  a  lamellated 
form,  which  appears  to  indicate  a  fymmetric  arrangement; 
the  external  part  of  the  coagulum  is  of  a  lively  red,  whilft 
thofe  parts  of  it  not  expofed  are  dark  coloured. 

The  caufe  of  the  coagulation  of  the  blood,  when  it  is  Various 
drawn  from  the  veiiels,  the  circumftances  that  attend,  it's  caufes. 
that  accelerate,  retard  and  fufpend,  or  deflroy  this  coagu- 
lation, have  given  rife  to  many  difputes.  It  had  been 
attributed  to  the  cold  the  blood  meets  with  out  of  the 
body,  but  Hewfon  proved  that  this  was  an  erroneous 
opinion,  and  the  fame  has  been  confirmed  by  Parmentier 
and  Deyeux ;  for  having  received  feme  blood  in  two  bot- 
VOL.  I.        .  p 
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tics  ^  one  was  plunged  jn  water  heated  to  ^O"^,  the  fccond 
in  water  at  zero,  and  the  third  expofed  to  an  atmofpherc 
at  1.5°  ;  but  the  coaguKim  was  formed  at  the  fame  time, 
and  in  the  fame  manner,  in  all  the  bottles. 

According  to  Hun^ei*,  the  coagulation  of  the  blood 
takes  place,  although  it  be  prefcrved  at  a  degree  of  heat 
equal  to  that  of  the  animal  :  that  it  goes  on  in  the  open 
air,  in  vacuo,   or  in  a  clofed  veflel.     Neither  repofe  nor 
agitation  prevents  it;  and  this  coagulum  abounds  in  the 
veflels  nearcft  to  a  gangrenous  part.     During  it's  coagu- 
lation the  blood  docs  not  increafe  in  temperature,  whilft 
all  other  bodies  do  in  palling  from  a  fluid  to  a  folid  ftatc, 
but  refifts  congelation  longer  than  other  bodies,  and  more 
fo  the  firft  time  than  afterwards.     This  phifiologifl  looks 
upon  the  coagulation  of  the  blood  to  be  analogous  to  the 
tonic  contraction  of  the  mufcles  which  takes  place  after 
death,  whilft  the  caufes  that  deprive  the  mufcles  of  this 
tonic  force  likewife  deprive  the  blood  of  the  power  of 
coagulating.     Thefe  caufes  are  the  abfence  or  prefence  of 
the  vital  principle. 
Not  occa-        Some  have  pretended  that  the  air  occafioned  the  ten- 
fionedby     (^oncy  to  coagulation,  and  that  if  the  blood  be- kept  in  a 
veiTel  hermetically  fealed,  the  coagulation  does  not  take 
place.     To  verify  this  aflertion,  Parmentier  andDeyeux 
received  fome  blood' both  from  the  veins  and  arteries  of 
an  animal  into  three  fmall  glafs  bottles  of  the  fame  lize ; 
one  was  clofed  with  a  ground  glafs  ftopple,  the  fecond 
with  cork,  and  the  third  w^as  left  open  ;  but  in  all  three 
bottles  the  coagulation  w^as  found  to  take  place  in  the 
fame  manner,  and  at  the  fame  time. 
orby  neuirui     Neutral  falts,  when  mixed  vi^ith  blood,  oppofe  it's  coa- 
^'*''^-  gulation.     This  was  previoufly  fliow^n  by  Hewfon;  but 

fufpe^iing  that  this  efieft  might  be  owing  to  the  agitation 
which. he  recommends  to  give  the  mixture  in  order  to 
favour  the  folution  of  the  falts,   about  fix  ounces  of 
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blood  were  received  in  twoflaflvs^  the  one  of  which  con- 
tained a  foKuion  of  half  an  ounce  of  fulphat  offoda,  and 
the  other,  a  folution  of  the  fame  quantity  of  muriat  of 
foda ;  and  the  effeft  was,  that  the  mixtures  prefervcd  their 
fluidity,  and  there  was  no  coagulum  to  be  obferved. 

In  order  to  find  out  if  it  was  not  the  denlity  of  the  fluid, 
rather  than  the  action  of  the  diflerent  faUne  matters,  that 
prevented  the  approaching  of  the  fibrous  part,  and  con- 
fequently  the  formation  of  the  coagulum  ;  fome  blood 
w'as  received  in  two  veflels,  one  of  which  contained  a 
folution  of  gum  arabic,  and  the  other  a  folution  of  ftarch, 
but  the  coagulatiQn  took  place  in  both  veflels,  whether 
the  liquids  were  hot  or  cold.  Hence  it  appears,  that  this 
coagulation  which  the' blood  undergoes  is  indcpendant  of 
the  action  of  air,  heat,  cold,  or  the  denfity  of  the  li- 
quor. 

The  coagulum,  or  clot,  preferves  it's  confillence  and  The  coagu- 
odour  for  three,  four,  or  five  days,  efpecially  when  the 
veflel  that  contains  it  expofes  but  a  fmall  furface,  and  is 
placed  in  a  frefli  place  ;  in  a  warm  temperaturp,  or  the 
contrary,  it  foon  becomes  fofter,  fuddenly  lofes  it's  con- 
fifl;ence,  it's  colour  begins  to  change,  and  at  iaft  it  is  ex- 
tremely foetid. 

If  inftead  of  lettino-  the  coao;ulum  remain  in  the  ferum, 
it  is  feparated  from  it,  and  placed  in  a  warm  fituation,  it 
becomes  dry  without  fuffering;  anv  chano-e  ;  in  this  cafe, 
it's  colour  is  of  a  very  deep  red,  and  towards  the  edges  it 
acquires  a  femitranfparency.  If  the  coagulum  feparated 
from  the  ferum  be  left  to  drain  for  the  fpace  of  half  an 
hour,  and  be  afterwards  expofed  to  the  heat  of  a  water-  Expofad  lo 
bath,  it  becomes  of  a  more  folid  confillence,  and  the  ^*''^^" 
liquor  which  drops  from  it  is  in  all  it's  properties  the  fame 
as  the  ferum.  If  the  coagulum  be  put  into  a  certain 
.quantity  of  boiling  water,  it  gives  this  fluid  a  milky  hue; 
thcye  likewife  arifes  at  the  fame  time  to  the  furface  a 
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fcum,  which  is  owing  to  a  portion  of  dilTolvccl  albumen  ; 
the  coaoalum  is  then  of  a  brown  colour  and  more 
iolid. 

If  the  coagulum  be  dlgoflcd  in  fpirit  of  wine  it  like- 
wife  increafes  in  confiftence;  but  the  ferum  which  fe- 
parates  contains  no  more  albumen.  On  leaving  the 
alcohol  to  remain  on  the  clot,  it  only  acquires  a  lemon 
colour,  provided  it  has  been  perfeftly  dephlegmated, 
and  it's  mixture  with  water  docs  not  changre  it's  tranf- 
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.parency. 

This  is  not  the  cafe  with  water ;  this  fluid  divides  t:ie 
coagulum,  becomes  red,  and"  remains  tranfparent  for 
many  days ;  but  it  infenrdily  becomes  turbid,  and  there 
arife  fome  mctnhrartous  felHcks. 

Acids.  Acids  have  more  or  lef*  action  upon   the  coagulum; 

they  all,  however,  increafe  it's  folidity  by  coagulatini; 
the  albumen  which  is  ftill  contained  in  the  ferum.  To 
this  the  nitrous  acid  is  an  exception,  for  it  appears  to 
bring  about  it's  diffolution,  vvhillt  the  phofphoric  and 
fulphuric  acids  change  it  to  a  black.  When  the  coagulum 
has  been  expofed  to  the  a6lion  of  the  acids,  it  is  no 
longer  foluble  in  water  as  before,  it  is  only  divided  by  it, 
by  wdiich  it's  tranfparency  is  aflecl:ed. 

Aik.a!i$.  The  carbonats  of  potafh   and    ammonia  difTolve   the 

coagulum.  When  thefe  alkalis  are  in  their  pure  (late 
(deprived  of  their  carbonic  acid)  they  jrive  it  a  deep  red 
colour.  This  fpecies  of  folution  may  be  preferved  fome 
time  without  becoming.piitrid  or  undergoing  any  change. 
There  is  no  appearance  of  thofc  Tuemhranous  pellicles, 
above-mentioned,  iince  it  appears,  that  the  alkali,  on 
combining  with  them,  has  given  them  a  fpecies  of  fo- 
lubility. 

Dii}:!icd.  ^^  ^he  coagulum  be  dillillcd  in  a  retort,  it  affords  the 

fame  produAs  as  other  animal  fubftances,  and  the  car- 
bon which  remains_,  contains  iron,  foda,  8cc. 
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On  giving  an  account  of  the  property  wliich  w.itcr  has  Fiiiin. 
of  diffolving  the  coagulum,  it  was  obferved,  that  there 
always  remains  behind  a  membranous  matter  on  which 
this  fluid  has  no  action.  This  is  eafily  feparated  by  a 
very  fimple  method  ;  it  is  only  neceflary  to  enclofc  the 
coagukmi  in  a  piece  of  hnen,  and  to  rub  it  between  the 
hands  at  different  times,  in  a  veffel  filled  with  water, 
when  the  foluble  part  will  feparate  by  degrees  and  Icav^e 
a  refiduum,  which  is  the  real  fibrous  matter  of  the  blood, 
and  which  fo  many  authors  have  confounded  with  the 
coagulable  lymph.  It  is  in  large  quantity.  li  is  moft 
probable  that  this  fibrin  exills  in  the  coagulum  of  the 
blood  in  a  ftate  of  extreme  divifion,  and  that  it  only 
takes  the  form  obferved,  on  uiing  the  procefs  already 
defcribed ;  that  is,  by  the  motion  imprinted  on  the  coa- 
gulum by  agitating  it  in  water.  This  idea  appears  to  be 
fupported  by  what  is  obferved  on  agitating  the  blood 
juft  drawn  from  the  yein,  when  the  fibrous  matter  fe- 
parates  in  large  quantity,  and  adheres  to  the  hands  or 
the  inflrument  made  ufe  of  to  agitate  this  fluid. 

The  manner  of  extracting  the  fibrin,  in  the  aboye  ex- 
periment, appears  to  Parmentier  and  Deycux  to  be  of 
ufe  in  explaining  the  manner  in  which  it  feparates 
fpontaneoufly  in  the  living  body.  According  to  the 
greater  part  of  phyfiologifls,  this  matter  is  defined  for 
the  purpofe  of  forming  and  repairing  the  fubftance  of 
the  mufcles ;  if  this  be  the  cafe,  it  may  be  fuppofcd, 
that  the  blood,  by  being  in  a  conftant  motion  during 
it's  circulation,  tends  by  fuch  agitation  to  deprive  itfelf 
each  moment  of  it's  fibrous  matter,  and  to  depofit  it  in 
greater  or  lefs  quantity,  and  more  or  lefs  fuddenly  ac- 
cording as  it's  motion  is  more  rapid  ;  whether  tliis  be 
the  cafe  or  not,  it  is  certain,  that  the  fibrin  is  found 
entire  in  the  flefhy  part  of  the  body,  and  that  when  it  is 
feparated  from  it,  it  is  not  feufibly  difiercnt  f^om  thsit 
F  3 
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which  the  blood  afiords  that  has  been  agitated  on  com- 
ing from  a  vein. 
Expianntion  It  appears,  that  the  influence  of  this  fibrous  matter 
coai-ulation.  ^^  ^^^  formation  of  the  coagulum,  or  coagulation  of 
the  blood,  has  not  been  fufficiently  attended  to  by 
authors.  Thcfe  chemifts,  however,  are  of  opinion, 
that  the  property  of  the  blood  to  remain  fluid,  when  this 
matter  has  been  feparated  from  it  by  agitation  or  motion, 
lliould  naturally  incline  a  perfon  to  an  opinion  that  it 
contributed  to  bring  about  the  concretion  of  the  fub- 
ftance  that  conflitutes  the  coagulum  ;  and  the  caufe  that 
produces  this  phenomenon  they  attempt  to  explain  in 
the  following  manner,  and  which  appears  to  be  taken 
from  the  explanation  previoufly  given  of  it  by  Hunter, 
or  greatly  refembling  it.  Whilft  the  blood  remains . 
fluid  and  homogeneous,  it  may  be  confidcred  as  being 
flill  endued  with  life  or  vital  motion.  The  fibrous  part 
it  contains,  and  which  is  found  diffeminated  through  it's 
whole  mafs,  enjoys  a  fort  of  irritability ;  but  in  propor- 
tion to  the  diftance  of  time  the  blood  which  contains  it 
has  been  drawn,  from  the  vefTels,  it  lofes  it's  motion,  in 
fhort,.it  happens  at  the  inftaut  the  vital  principle  en- 
tirely leaves  it,  and  it  may  be  confidered  as  in  a  ftate  of 
death,  that  ftill  prcferving,  during  fome  feconds,  the 
motion  of  the  palpitation  of  the  expiring  flefh,  it  con- 
trails, unites  with  a  part  of  the  matter  near  it,  and  re- 
tains and  communicates  to  it  this  ftate  of  trembling 
jelly,  the  external  properties  of  which  have  always  impofed 
iipon  the  caufe  of  the  real  formation  of  it.* 

Thefe  chemifts  at  firfl:  agreed  with  what  feveral  an- 
cient and  modern  authors  had  fuppofed,  thar  the  coagu- 
lation of  the  blood  out  of  the  veifels  was  owing  to  the 
ceiTation  of  the  natural  heat;  and  they  wxre  willing  to 
adopt  this  opinion  from  obferving,  that  it  is  principally 
when  this  fluid. is  entirely  cool,  that  the  whole  mafs  of 
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bJood   is   in  the  form   of  a  coagulum,  and   in   certain 

refpedis  to  be  compared  with  the  jellies  of  fruits  ;  but  j^'^jaflr^.^ed 

the  reflection   of  Hewfon,  and  further  experience,   par-  ^Y  ^"'^* 

ticularly  from  their  frequenting  the  butchers,  changed 

their  opinion,  and  afforded  them  no  doubt  but  that  the 

blood  in  it's  fcparation  and  coagulation  follows  none  of 

the  laws  attending  on  cold  ;  but  that  repofe  and  motion  g^^  ^y  j.^. 

are  the  two  great  means  of  operating  or  preventing  this  i^"^^.  ^"'^ 

decompofition." 

This  is  fupported  by  the  obfervations  of  Hewfon, 
who,  on  examining  the  blood  as  it  flowed  at  different 
times,  found,  that  the  blood  which  came  immediately 
after  the  opening  of  the  vein  required  more  time  to  co- 
agulate than  that  which  he  received  later.  The  fame 
was  alfo  verified  by  thefe  chemifts,  who,  on  attending 
the  butchers,  obfervcd,  that  the  blood  that  firft  fpouted 
from  the  velTels  of  a  bead  w^as  very  fluids  but  in  pro- 
portion as  thefe  veflels  lofe  their  fpring,  and  the  organic 
^clion  weakens  and  life  efcapes,  the  blood  acquires  more 
confillence,  and  flows  nearly  coagulated  or  nearly  dead 
when  the  animal  expires  :  that  whatever  be  the  tem- 
perature, the  coagulation  takes  place  at  the  fame  time, 
jf  the  motion  and  aftion  of  falts  do  not  interfere  Imme- 
diately to  deftroy  the  vital  irritability  of  the  fibrous 
matter,  and  kill  it  ^  if  this  lad  be  the  cafe,  the  blood  is 
only  in  the  form  of  a  liquid,  which  no  means  yet  known 
can  rccal  to  a  date  of  coagulation.  In  thofc  animals 
whofc  blood  contains  a  very  large  proportion  of  fibrous 
matter,  it's  concretion  Is  made  in  a  very  regular  and  uni- 
form manner  ;  as  is  the  cafe  with  the  blood  of  the  ox,  the 
coaguUim  of  which  is  only  to  be  divided  with  nicety  in 
certain  dIre6lions,  and  always  in  the  form  of  lamellte. 

If  one  or  feveral  of  thefe  be  feparated  from  a  clot  cf 
this  kind,  all  the  fallne  matter  may  be  feparated  from 
Jhcm  by  nieani?  of  ablution  In  water,  whild  the  fibrov^^ 
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matter,  deprived  of  it's  colour^,  remains  aTone,  renro^ 
Tenting  a  mafs  of  very  delicate  texture.  Such  are  the 
ideas  of  thefc  two  chemifts  on  the  formation  of  the 
coagulum. 

Their  experiments  were  alfo  repeated  on  tlie  blood  of 
piany  domeftic  animals,  fuch  as  that  of  the  horfe,   (heep, 
calf,  lamb,  and   pig,  and  they  found,  that  this  fluid  af- 
forded the  fame  produ6ls  in  all.     It  appeared,  that  only 
the  (late  of  thefe  produfts  prefented  any  very  fenfible 
dllference  ;  for  example,  the  blood  of  the  calf  and  lamb 
always  afibrded  a  fibrous  matter,  the  tt^xture  of  whicli 
was   foft  wl^en   compared   to  the  ox  and   fliccp.     The 
ferum  likewife  produced   an  albuminous  matter,  which 
underwent    no    great   degree    of    coagulation   by   heat, 
They  found,  in  general,  that  the  ftate  of  health,  and 
Aivumcn     vigour   of  animals,    had  peculiar  influence  on   the  al- 
affeald  by  l^^iHcn  ;  for  on  examining  the  blood  of  difeafed  perfons, 
health  and    j^  often  happens,  on  comparing  it  with  that  of  healthy 
individuals  of  the  fame  fpecies,  that  very  marked  dif- 
ferences were  to  be  obferved  in  this  fubftance. 

The  next  object  which  thefe  chcmifts  had  in  view 
was  the  examination  of  the  colouring  matter.  To  ob- 
tain it,  fome  frefh  formed  coagulum  was  put  into  a  linen 
bag,  and  waflied  in  diftilled  water  until  the  fibrous  matr 
ter  was  completely  feparated.  On  heating  the  water  of 
ablution  by  the  water  bath,  there  foon  arofe  a  thick 
matter  of  a  very  deep  red  colour,  which  fwam  in  the 
fluid  that  had  previoufly  held  it  diflblved;  this  being  fe- 
parated by  the  filter,  and  flrongly  expreflfed  to  deprive  it 
of  all  it's  humidity,  had  loft  it's  continuity,  was  eaflly 
crufhed,  and  was  reduced  to  a  powder  j  in  this  ftate  it 
had  neither  odour  nor  favour^  and  being  expofed  to  a 
gentle  heat,  it  became  of  a  very  decided  black  colour. 
Acids.  The  diluted  acids  had  no  a6lion  upon  it,  but  when 

concentrated  they  decoippofed  it^  and  reduced  it  to  a  fper 
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cies  of  coal,  and  this  is  more  effe6lually  done  by  the  af- 
fiftance  of  heat. 

Fixed  and  volatile  alkalis  have  very  little  a61ion  on  it ;  Aiuiis. 
but  th-e  folution  infenfibly  takes  place  when  thefe  alkalis 
are  in  a  cauftie  ftate,  and  aflifted  by  heat. 

Spirit  of  wine,  digefted  on  this  matter^  was  not  fen-  AicohoL 
fibly  coloured  by  it. 

Vitriolic  ether  receives  a  yellow  hue  from  this  matter, 
but  foon  lets  it  fall  down,  and  only  prefer ves  a  flight  yeU 
lovvifli  colour,  which  foon  leaves  it. 

The  fame  effecl  takes  place  when  this  matter  is  boiled  oil 
a  moment  in  fat  oil. 

On  diftilling  the  colouring  matter  in  a  retort,  it  af-  Diftiiied, 
fords  products  (imilar  to  thofe  which  the  ferum,  fibrous 
matter,  and  the  whole  blood  afford  when    fubmitted  to 
the  fame  procefs.  ^ 

From  the  above,  it  appears,  that  this  matter,  which  has  Combineil 
been  coagulated  by  the  heat,  is  only  the  albumen  of^jj^jj^^g^ 
the  ferum  combined  with  the  colouring  part ;  and  it 
may  be  readily  conceived,  that  the  albuminous  matter 
ought  to  make  part  of  it's  compofition,  fince  it  is  in  the 
midft  of  a  fluid  filled  with  albumen  that  the  coagulum 
is  formed,  and  that  this  being  divided  and  left  to  drain, 
affords  a  ferum  flmilar  in  it's  chemical  properties  to  that 
feparatcd  on  the  formation  of  the  coagulum.  To  prove 
this,  however,  it  is  necefl^ary  to  ifolate  the  albumen 
from  the  tinging  fubftance  that  colours  it  red  ;  but  the 
experiments  which  thefe  chemifts  made  with  this  view 
were  not  fo  fuccefsful  as  was  expelled. 

The  infufliciency  of  chemical  means  gave  rcafon  to 
fuppofe  at  firft,  that  the  rednefs  of  the  blood  was  only 
produced  at  the  inftant  of  combination  of  the  body 
which  gave  the  colour  (although  not  coloured  itfelf) 
with  the  fubftance  of  the  coagulum,  in  the  fame  man- 
gier as  oxygen  when  added  to  lead  ^nd  mercury  in  mi- 
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nium  and  red  precipitate.   But  this  idea  of  the  coloration 
of  the  blood  was  foon   abandoned  by  the  chemifts ;  fgr, 
on  confulting   the   opinions   of  different  authors,   they 
found  that  the  opinion  which  attributed  the  caufe  to  the 
iron  this  fluid  contained  had  many  partizans,  cfpccially 
fince  it  has  been  proved,  that  iron  introduced  into  the  ani- 
mal fyflem  in  the  form  of  medicine  fingularly  exalted  the 
colour  of  the  blood,  and  even  reftored  it's  colour  after  it 
'    had  loft  it. 
Iron  in  the       With  rcfptA  to  this  metal  exifting  in  the  blood,  die- 
blood,         niifts  have  been  more  occupied  in  finding  it  than  in  deter- 
mining with  precifion  the  ftate  in  which  it  exifts;  but 
it's  demonftration  in  this  fluid  is  complete,  as  appears  more 
particularly  from  the  experiments  of  Rouelle,  Menghini, 
^  >  and  Galeati,    who  limited  thprnfelves   to   or>e    experi- 
ment, which  proved  that  fire  is  abfolutely  unneceiTary 
to  dete6t  it's  prefence,  and  that  it  is  fuflicient  to  mix  a 
little  powder  of  nut  galls  with  the  blood  for  it  to  become 
in  Icfs  than  48  hours  of  a  deep  black  colour.     Befides,  if 
the  blood  be  expofcd  to  a  heat  inferior  to  that  of  boiling 
water,  the  coagulum  prelTed  and  dried  in  the  air  gives  uur 
equivocal  propf  to  the  magnet  of  the  exiftenceof  this  metal. 
It's  colour        ^  further  examination  of  the  chemical  phenomena" 

explained  ^  ^  * 

by  it.  arifirig  from  this  fubjciSi  has  given  thefe   chcmifts  reafon 

to  think,  that  they  have  foupd  the  folution  of  the  problem 
of  the  coloration  of  the  blood,  and  they  explain  it  in  the 
following  manner  ; 

Since  iron  exifts  in  the  blood,  it  piuft  bp  either  in  the 
ftate  of  a  metal,  an  oxyd,  or  combined  with  an  acid,  and 
confcquently  in  a  faljne  flate  ;  or  laftly,  combined  with  a 
podv  which,  without  being  acid,  is  capable  of  forming 
with  it  an  union,  which  s;ives  it  the  property  of  being  fo- 
luble  in  aqueous  fluids  :  and  it  was  upon  thefe  grovmds 
that  thefe  chcmiils  directed  their  refearches. 

2;otm  Thev  found  that  iron  exifts  in  the  blood  neither  in  a 

metal  .c  '    '  "         '  •  » 

flare. 
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jpiatcllic  flate  nor  as  an  oxycl ;  for  on  diluting  fome  blood 
with  water  and  prcfiing  the  liquor  through  a  filter^  or 
keeping  it  in  a  frefli  and  tranquil  place,  they  found  no 
iron  either  on  the  filter  or  at  the  bottom  of  the  veflel, 
which  ought  to  have  been  the  cafe  from  the  weight  pf  it's 
particles  ;  and  with  refpc6l  to  any  martial  fait  being  in 
the  blood,  the  foda  which  exifts  in  it  would  prevent  it's 
formation. 

It  was  on  calling  to  mind  the  diflcrcnt  properties  of  But  diiToiv, 
fixed  alkali,  and  efpecially  that  of  being   able  to  diffolve  ^^^^^^  '^"^ 
iron  under   ce-rtain  circumftances,    that    thefe   chemifts 
think  they  have  difcovcr^d  it  to   be  the  real  folvent  of 
iron  in  the  blaod,  and  that  the  folution  of  this  metal  thus 
efre6led  is  the  colouring  principle  of  this  fluid.     In  order  ^^hich  pro- 
to  explain  the  folution  of  iron  fuch  as  it  is  found  in  the  ^^;«^"^he 

'^  _  colour. 

blood,  they  ihow  the  manner  by  which  a  fimilar  folution 
is  effected  out  of  it.  If  a  very  fmall  por.ion  of  iron  at  a 
time  be  put  into  fome  diluted  nitric  acid,  a  folution  take§ 
place,  and  when  it  is  perfciSlIy  faturated  fixed  alkali  may 
be  mixed  with  it  in  c^cefs,  which  immediately  cornmu- 
nicates  to  the  liquqr  a  very  deep  blood  colour.  In  this 
cafe  the  nitric  acid  jn  difTolving  the  iron  is  in  great  part 
dccompofed  ;  the  metal  unites  to  the  oxygen,  one  of  the 
principles  of  the  acid  ;  and  it  is  only  after  it  is  well  fatu- 
rated with  this^  that  the  portion  of  acid  undecompofed  lays 
hold  of  and  diffolves  it.  The  alkali  being  added  takes  the 
pxyd  of  iron  from  this  acid,  and  inflead  of  precipitating 
combines  with  it,  and  it  is  precifcly  at  the  moment  this 
combination  takes  place  that  the  rpd  colour  appears. 

The  liquor  therefore  contains  two  different  combina- 
tions, the  one  is  nitre,  and  the  other  a  compofition  form- 
ed from  the  union  of  the  fixed  alkali  with  the  oxyd  of 
iron,  which  combination  of  alkali  with  the  iron  gives  it 
folubility.  Thefe  chemifts  fuppofe  that  a  fimilar  combi- 
jjarion  takes  place  iri  the  blood,  but  in  order  fo  effe6l  i^ 
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nature  has  no  need  of  eAiploying  the  nitric  acid  as  an 
intermedium  ;  any  other  acid  is  fufficient  to  have  difTolved 
the  iron,  fuch  as  the  phofphoric,  which  many  chemifts 
have  proved  to  exift  in  the  blood  ;  or  even  without  ad- 
mittihg  a  previous  fokition  of  the  metal  in  an  acid,  it  is 
fufficient  that  the  iron  in  the  blood  be  properly  oxygenat- 
ed in  order  that  the  fixed  alkali  may  be  capable  of  com- 
bining with  it,  and  the  oxydation  of  the  iron  maybe 
conceived,  on  recollecting  the  large  quantity  of  oxygen 
which  is  introduced  into  the  lungs  by  means  of  refpira- 
tion. 

As  to  the  quantity  of  iron  in  the  blood  it  cannot  be 
doubted,  admitting  it's  folution  by  the  fixed  alkali,  that 
there  is  a  fufficiency  of  it  to  produce  a  liquor  of  a  very 
beautiful  red  colour.  As  a  proof,  however,  two  fcruples 
of  iron,  the  quantity  fuppofed  to  have  been  found  in  one 
pound  of  blood,  were  difTolved  with  fome  fixed  alkali, 
and  the  folution  obtained  was  of  a  bpautifi.il  red,  and  fuf- 
ficiently  deep  to  colour  more  than  one  pound  of  water. 
The  mafs  of  blood  contained  in  the  human  body  has 
been  valued  in  different  ways,  but  as  it  appears  from  the 
calculations  of  many  phyfiologifts  that  a  middle  aged 
healthy  perfon  requires  25  pounds  of  blood  for  exifi:ence, 
it  follows  from  the  experiments  of  Menghini  that  in  fuch 
proportion  there  muft  be  70  fcruples,  or  2  oz.  7  drachms 
1  fcruplc  of  iron.  This  quantity  is  certainly  very  confi- 
derable,  and  Menghini  is  of  opinion  that  fome  future 
age  may  fee  nails,  fwords  and  other  inftruments  manu- 
factured from  the  iron  contained  in  the  human  blood. 
If  therefore  it  be  added  to  what  is  already  mentioned, 
that  fixed  alkalies  and  nitre  mixed  with  the  blood  increafe 
It's  colour  and  render  it  more  durable,  and  that  the  fame 
efTeCl  takes  place  from  the  folution  of  iron  by  fixed  alkali 
in  the  above  experiments,  it  would  appear  that  the  opi- 
r\ion  of  ^hefe  chemifts  on  the  folution  of  iron  in  the  blood 
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by  fixed  ulkali^  as  well  as  the  coloration  of  this  fluid  by 
this  fame  folation,  cannot  be  looked  upon  as  entirely  de- 
void of  probability. 

Whatever,  however^  may  be  the  opinion  adopted  on 
the  colour  of  the  blood,  it  is  certain  that  the  coagulum  is 
a  compofed  body,  and  that  the  red  colour  has  no  influence 
on  it's  formation,  vvhilfl:  the  oxygen  a6ls  a  great  part  in 
this  coloration,  for  when  it  is  in  conta6l  with  the  blood, 
the  red  colour  always  feniibly  increafes. 

It  is  undoubtedly  to  the  change  tlie  blood  undergoes 
l)y  the  a61ion  of  heat,  which  contraAs  it  on  drying,  that 
the  dlfappearance  of  it's  red  colour  and  it's  becoming  of  a 
tlecp  black,  are  owing.  The  iron  deprived  of  the  alkali 
tiiat  held  it  in  folution,  and  a  part  of  the  oxygen  which 
confiitutes  it  an  oxvd,  changes  it's  (late,  hence,  when  fe- 
parated  by  the  magnet  it  is  of  a  different  colour  to  what 
it  was  when  in  a  Hate  of  folution. 

Since  the  explanation  of  the  red  colour  of  blood  given  Dr.  Wdis 
by  thefe  two  chemifts.  Dr.  Wells,  in  an  ingenious  me-  traryopi- 
moir  in  the  Philofophical  Tranfa6lions,   has  made  fome  "'^"- 
experiments  and  obfervations  on  the  fame  fubjed:.     He 
is  of  opinion  that  there  is  no  proof  of  blood  deriving  it*s 
colour  from  iron,  and  that  no  other  argument  has  been 
given  in  fupport  of  it,   than'that  the  red  matter  is  found 
to  contain  that  metal.     He  afl^erts  that  there  is  no  necef- 
fary  connexion  between  rednefs  and  iron,  (iiice  the  fame 
metal  exifts  in  many  bodies  of  other  colours,  and  even  in 
various  parts  of  animals  without  colour,  as  bones  and 
wool,  and  he  gives  the  following  more  dire^l  reafons  for 
rejedling  the  opinion  of  this  metal  being  the  caufe  ot  the 
red  colour.  ¥ 

1  fl.  There  is  no  colour  ariiing  from  a  metal,  that  can  be  His  reafons, 
permanently  deftroyed  by  expofing  it's  fubjec!:!;,  in  a  clofe 
vefll^l,  to  a  heat  lefs  than  that  of  boiling  water.     But  this 
happens  with  refpe(5l  to  the  colour  of  blood. 
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2d.  If  the  colour  from  a  metal  In  any  fubflance  be 
dcfhoyed  by  an  alkali,  it  may  be  reftorcd  by  the  imme- 
diate addition  of  an  acid  ;  and  the  like  will  happen  from 
the  addition  of  a  proper  quantity  of  alkali,  if  the  colour 
has  been  deftroyed  by  an  acid.  The  colour  of  blood,  on 
the  contrary,  when  once  deftroyed,  either  by  an  acid  or 
an  alkali,  can  never  be  brought  back. 

3d.  If  iron  be  th'e  caufe  of  the  red  colour  of  blood,  it 
muft  exift  there  in  a  faline  ftate,  fince  the  red  matter  is 
foluble  in  water.  The  fubftances,  therefore,  whith  de- 
tccSl  almoft  the  fmaileft  quantity  of  iron  in  fuch  a  ftate, 
ought  likewife  to  demonftrate  it's  prefence  in  blood  ;  but 
upon  adding  Pruffian  alkali  and  an  infufion  of  galls  to 
a  very  faturate  folution  of  the  red  matter,  the  flio^htefl 
blue  precipitate  could  not  be  obfervcd  in  the  former  cafe, 
or  that  the  mixture  had  acquired  the  leaft  blue  or  purple 
tint,  in  the  latter  cafe. 
Tiie change       Dr.  Wells  likewife  made  fomc  experiments  to  fliow 

of  Colour  bv  .  ^ 

air  and  neii- that  the  alteration  produced  upon  the  colour  of  blood, 
produced  on  '^^^^"^  by  common  air  aiul  the  neutral  falts,  is  independant 

It's  colour-   Qf  aijy  chanore  effcAcd  by  them  upon  it's  colourinof  mat- 
ing matltT.  J  iD  J   ,  r  & 

ter;  in  making  thefe  experiments  he  found  the  following 
precautions  necelTary. 
Precautions       ift.  That  the  blood  fhoiild  be  newly  drawn  and  the 
inating^^the  Weather  cool.     For  as  the  folution  of  the  red  matter  is 
fxperiments  ^^^  j.^  j^^  filtered,  but  muft  become  tranfparcnt  by  the 
gradual  fubfiding  of  whatever  may  render  it  turbid,  if 
the  Llood  be  old,  or  the  weather  warm,  it  will  often  af- 
fume  before  it  be  clear  a  dark  and  purplifh  hue.    When 
'  expofcd  in  this  ftate  to  the  atmofphere  in  a  broad  and 
fhallow  vefTcl,  it's  colour  changes  to  a  bright  red,  which 
however  is  not  brighter  than  the  proper  colour  of  the  fo- 
lution.    The  dark  purplifli  hue  feems  owing  to  fome  mo- 
dification of  fulphur,  for  the  folution  poflelling  it  fmells 
like  hepatic  air,  particularly  when  agitated,  and  tarnifties 


HKer  which  Is  held  over  it.     Neutral  fLilts  produce  no 
change  upon  this  colour. 

2d.  The  neutral  falts  iliould  not  be  added  to  the  red 
folution,  except  when  pcrfe6lly  tranfparent,  otherwife  the 
falts  will  render  it  more  turbid,  and  the  mixture  will  ap- 
pear brighter,  if  feen  by  rcfle61:ed  light. 

3d.  Laflly,  the  red  folution  ought  to  be  poured  gently 
from  the  velTel  in  which  it  has  been  made_,  otherwife,  a^ 
it  is  a  mucilaginous  liquor,  it  is  apt  to  entangle  fmall 
particles  of  air,  which  by  acting  as  opake  matter,  will  for 
fo me  time  alter  the  appearance  of  the  folution.     With 
thefe  precautions  he  began  his  experiments;  he  infufed  a  Experi- 
piece  of  black  craiTamentum  of  blood  in  diftilled  water,  "^^'"^^' 
and  immediately  covered  the  veflel  clofely  to  prevent  any 
UCcefs  of  air.     Having  thus  obtained  a  tranfparent  folu- 
tion of  the  red  matter  nearly  free  from  ferum  and  coagu- 
lable  lymph,  he  expofed  a  quantity  of  it  to  the  open  air, 
in  a  (hallow  vcflel,   and  poured  an  equal  quantity  into  a 
fmall  phial,  which  was  then  well  clofcd.     After  feveral 
hours  the  firft  portion  was  decanted  into  a  veflelof  the 
fame  fize  and  (hape  as  that  of  the  fecond,  and  having 
added  to  it  as  much  diftilled  water  as  compenfated  it's 
lofs  by  evaporation,  the  two  were  compared  together,  and 
were  found  exactly  of  the  fame  colour.     Two  other  equal 
quantities  of  the  red  folution  were  afterwards  poured  into 
two  phials  of  the  fame  fize  and  fliape  ;  to  one,  a  little  of 
a  folution  of  nitre  in  water  was  added,  and  to  the  other, 
as  much  diftilled  water.     On  compofiug  thefe  together 
their  colour  was  alfo  precifely  the  fame.     Laftly,  he  cut 
a  quantity  of  dark  craiTamentum  into  thin  flices,  and  ex- 
pofed them  to  common  air,  and  when  they  became  fluid, 
put  them  into  a  phial  containing  diftilled  water.     lie  then 
took  as  much  of  the  fame  crafTamentum,  which  was  ftill 
black,  and  infufed  it  in  an  equal  quantity  of  diftilled  wa- 
ter, contained  in  a  phial  limilar  to  the  fornicr.     The  t.\  t? 
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foliulons  thus  obtained,  one  froni  flaid,  the  other  from 
black  blood,  were  however,  of  precifely  the  fume  colour. 
The  fame  rcfults  were  the  confequence  of  repeated  ex- 
periments. 

AfTuniin^,  tlierefore,  as  proved,  that  neither  common 
air  nor  the  neutral  falls  (all  tbofc  which  were  tried  being 
fimilar  to  nitre  in  this  refpe6l)  change  the  colour  of  the 
red  matter  of  blood,  Dr.  Wells  attempts  to  explain  the 
manner  in  which  thofe  fubftances  give,  notwithftanding, 
to  black  blood  a  fluid  appearance,  which  is  founded  on 
Exp!ained  ^^^  theorv  of  Kepler,  Zucchius,  and  Delaval,  viz.  that 
till  the  theory  ^j^g  colours  of  onakc  bodies  do  not  arife  from  the  ravs  of 

of  Kepler,  _  ' 

itc.  light  vi-hich  they  reficcfc  from  their  anterior  furfaces,  but 

from  that  portion  of  it,  which  having  penetrated  their 
anterior  furfaces  is  reflcttcd  by  the  opake  particles  which 
are  diOufed  through  their  fubf^ance. 

In  adapting  this  theory  to  the  explanation,  Dr.  Wells 
tlrft  fuppofes,  that  all  -the  parts  of  blood  have  the  fame 
ref?e6live  power.  The  confequence  of  which  will  be, 
that  a  mafs  fufficiently  thick  to  fuffocate  the  whole  of  the 
light  which  enters  it,  before  it  can  proceed  to  the  pof- 
terior  fur  face,  and  be  thence  returned  through  the  firft 
furfacc,  mufl  appear  black4;  for  the  rays  which  are  re- 
fle6lcd  from  the  firfi  furface  are  without  colour,  and  by 
hypothefis,  none  can  be  refletrked  from  it's  internal  parts. 
In  the  next  place,  let  there  be  difperfed  through  this  black 
mafs  a  fmall  number  of  particles,  differing  from  it  in  re- 
fle^live  power,  and  it  will  immediately  appear  flightly 
coloured  ;  for  fome  of  the  rays,  which  have  penetrated 
it's  furface,  will  be  refiecled  by  thofe  particles,  and  will 
come  to  the  eye  obfcurely  tinged  with  the  colour,  which 
is  exhibited  by  a  thin  layer  of  blood,  when  placed  be- 
tween the  eye  and  the  light.  Increafe  now  by  degrees  the 
number  of  thofe  particles,  and  in  the  fame  proportion  as. 
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they  are  muldplied,  muft  the  colour  of  the  mafs  become 
both  ftronger  and  brighter. 

Having  thus  lliown  that  a  black  mafs  may  become  o«dng  to 
highly  coloured,  merely  by  a  confiderable  reflecSlion  of oft-p'^^^^^.e'l* 
lifi-ht  from  its  internal  parts,  he  thinks,  that  if  he  Ihould  ^'"??"u^ 

o  .  aght by thole 

be  able  to  prove  that  both  common  air  and  the  neutral  agents^ 
falts  increafe  the  refleftion  of  light  from  the  internal  parts 
of  blood,  at  the  fame  time  that  they  brighten  it,  great 
progrefs  would  be  made  in  eftabliiliing  the  opinion,  that 
the  change  of  it's  appearance  occafioned  by  them  de- 
pends upon  that  circumftance  alone,  and  the  following 
obfervations  he  thinks  place  this  point  beyond  doubt. 

On  comparing  feveral  pieces  of  crafTamentum,  which  Procfs. 
had  been  reddened  by  means  of  common  air  and  the 
neutral  falts,  with  other  pieces  of  the  fame  crafTamentum, 
that  were  ftill  black  or  nearly  fo,  he  found  that  the  red- 
dened pieces  manifeftly  reflected  more  light  than  the 
black.  One  proof  of  this  was,  that  the  minutg  parts  of 
the  former  could  be  much  more  diftin6lly  feen  than  thofe 
of  the  latter.  Now  this  increafed  refletlion  of  liglj*  in 
the  reddened  pieces  could  not  arife  from  any  change  in 
the  reflexive  power  of  their  furfaces,  for  bodies  reflect 
light  from  their  furfaces  in  proportion  to  their  denlity  and 
inflammability,  and  neither  of  thofe  qualities,  in  the  red- 
dened pieces,  can  be  fuppofed  to  have  been  augmented 
by  common  air  or  a  folution  of  a  neutral  fait  in  water. 
The  increafed  reflexion  muft,  confequently,  have  arifen 
from  fome  change  in  their  internal  parts,  by  means  of 
which  much  of  the  light  which  had  formerly  been  fufFo- 
cated,  was  now  fent  back  through  their  anterior  furfaces, 
tinged  with  the  colour  of  the  medium  through  which  it 
had  pafTed. 

The  precife  nature  of  the  change  of  blood  by  neutral 
falts,  Dr  Wells  thinks  is  manifell  by  the  following  ex- 
periment*    He  poured  upon  a  piece  of  printed  card  as 
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tnuch  ferurh^  rendered  very  turbid  with  red  globules,  as 
barely  allowed  the  words  to  be  legible  through  it.  He 
then  dropped  upon  the  card  a  little  of  the  aqueous  folu- 
tion  ofnitrCj  and  obftfrved,  that  wherever  the  folution 
came  in  conta6l:  with  the  turbicTfcrum,  a  whitirti  cloud 
was  immediately  formed.  On  ftirring  the  two  fluids  to- 
gether, the  mixture  became  fo  opake  that  the  printed  let- 
ters could  no  longer  be  fccn.  He  has  not  been  able  hi- 
therto to  devife  any  experiment^  which  fliows  the  exaft 
change  induced  by  common  air,  but  thinks  it  is  evident, 
that  air  muft  alfo  increafe  in  fome  way  the  opacity  of 
blood,  fince  it  cannot  by  any  other  means  increafe  the 
reflexion  of  light  from  the  interior  parts  of  that  bodv^ 
liie  fame  This  theory  explains  another  fa6l  refpe6ling  the  colour 
piaiiiTothcr  °^  blood,  whicli  might  otherwife  feem  unaccountable. 
lads.  If  a  fmall  quantity  of  a  concentrated  mineral  acid  be  ap- 

plied to  a  piece  of  dark  craflamentum,  the  parts  touched 
by  It  wiU  for  an  inftant  appear  florid;  but  the  fame  acids 
added  to  a  fokitlon  of  the  red  matter  in  water  do  nothing 
more  than  deitroy  it's  colour.  On  examining  the  craf- 
famentnm,  the  caufe  of  this  difference  of  eficcl  is  difco- 
vered,  for  the  fpots  upon  which  the  acid  was  dropped  are 
•found  covered  with  whitiih  films.  Hence  it  is  evident  to 
Dr.  Wells  that  the  acid  had  occafioned  an  increafe  of 
opacity  in  the  craflamentum,  more  quickly  than  it  had 
deftroyed  it's  colour;  and  that  the  red  matter,  from  hav- 
ing been  in  confequence  feen  by  a  greater  quantity  of 
light,  had  in  that  fliurt  interval  appeared  more  %jid  than 
formerly. 

Converfion       f^g  change  which  takes  place  in  bloodc  when  it's  co- 
ot cinnabar  ^  ^      -  * 

fnto  vt-rmi-  lour  is  brightened  by  common  air  and  the  neutral  falts, 
is  fimilar  to  that  which  occurs  to  cinnabar,  in  the  mak- 
ing of  vermilion.  This  is  made  by  fubjefting  the  cinna- 
bar to  a  minute  mechanical  di\  ifion.  But  the  effe6l  of 
this  divifion  is  to  interpofe  among  it's  particles  an  infi- 
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nite  liitmbtr  of  molecules  of  air,  which  a6ling  as  opake 
hiatter,  increafe  the  refleftioii  of  light  from  the  interior 
parts  of  the  heap,  and  occafion  all  the  difference  of 
appearance  between  thefe  two  dates  of  the  fame  body. 

It  may  be  faid  in  oppofition,  that  granting  an  increafed  ofeieaion 
refle6lion  of  light  from  the  interior  parts  of  the  blood  in  ^"  ^^^'^  ' 
confequence  of  air  and  neutral  falts,  ftill  this  is  not  a  fuf- 
licient  caufe  for  the  prt*du6lion  of  the  colour  5  for  after 
their  action  it  is  a  fcarlet,  which  according  to  Dr.  For- 
dyce  differs  not  only  in  brightnefs,  but  alfo  in  kind  from 
the  ordinary  colour  of  blood,  wl^ich  is  a  modena  red. 
The  anfwer  is,  that  there  are  examples,  befides  that  to 
which  the  objection  is  made,  of  dark  blood  appearing 
florid,  mertily  from  it's  colouring  matter  being  feen  by 
means  of  an  increafed  quantity  of  light.  Thus  by  rub- 
bing a  piece  of  the  darkefl:  craffamentum  with  a  proper 
quantity  of  ferum,  the  mixture  in  a  few  feconds  takes  a 
colour  (imilar  to  that  given  by  common  air.  But  nothing 
is  done  but  intcrpofing  among  the  red  globules  a  number 
of  the  lefs  denfe  particles  of  ferum,  which  afting  as  opake 
matter  increafe  the  internal  refie6lions.  Likewife,  on 
viewing  by  tranfmitted  light  the  fine  edges  and  angles  of 
a  piece  of  craifamentum  in  water,  their  colour  appears  to 
be  a  bright  fcarlet,  though  all  the  other  parts  of  the  fame 
mafs  are  black.  Thefe  fa(9;s  appear  to  this  chemift  to  be 
fufficient  to  prove  what  has  been  already  advanced  ;  but 
he  goes  a  ilep  further,  and  fliows  how  the  modena  red  is 
converted  into  a  fcarlet. 

Blood  he  found  by  experiment  to  be  one  of  thofe  fluids.  Appearance 
which  Sir  Ifaac  Newton  obferved  to  appear  yellow  when 
viewed  in  very  thin  mafTes :  when  therefore  a  number  of 
opake  particles  are  formed  in  it  by  the  adlion  of  common 
air  and  neutral  falts,  many  of  them  muft  be  fituate  im- 
mediately beneath  the  furface.  The  light  refle<Sled  by 
thefe  will  confequently  be  yellow,  and  the  whole  effed  of 
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the  newljr-formt.'d  6pake  particles,  upon  the  appearance 
of  the  mafs,  will  be  the  ianic  as  if  yellow  had  been  added 
to  it's  former  colour,  a  modena  red.     But  modena  red 
and  yellow  are  the  colours  which  compofe  fcarlet. 
Origin  of         Upon  the  whole  it  appears  to  Dr.  Wells,  that  blood  de- 

the  coloi  r»      .         .  ,         ,          ^  ,  , .  ,        .  ^   , 

rives  It  s  colour  rrom  the  peculiar  organization  or  the  ani- 
mal matter  of  one  of  it's  parts  ;  for  whenever  this  is  de- 
ftroyed,  the  colour  difappears,  and  can  never  be  made  to 
return,  which  would  not  be  the  cafe  if  it  depended  upon 
the  prefence  of  any  foreign  fubflance  whatever. 
Mifceiiane-  He  concludes  with  feveral  mifcellaneous  fa6ls  refpe6l- 
vations.  '    i'^g  the  colour  of  the  blood,  and  fome  confequences  that 

mav  be  derived  from  them. 
Substances       It  had  been  mentioned  by  Dr.  Prieftley,  that  the  only 
mitairto.     animal  fluid  befide   ferum,  which  he  found  to  tranfmii 
the  influence  of  common  air  to  blood,  was  milk.     Dr. 
Wells  has  obferved  that  the  w^hite  of  eg^^  or  a  folution  of 
fugar  in  water  conveys  the  influence  of  air  to  blood,  from 
which  it  fccms  probable  that  milk  owes  it's  fimilar  pro- 
perty to  the  faccharine  matter  it  contains.     Mucilage  of 
glim  arable  had  no  fuch  effect. 
Xcithcr  fe-       j^^  found  (contrary  to  what  had  been  aiferted  before) 

rum  nor  fo-  ^  ■  ' 

lutionsof  that  faturated  folutions  of  all  the  neutral  falts  extract, 
extiaaco-  though  flowly,  red  tin6lures  from  blood,  fome  of  which 
Soodthoueh  ^^^  ^^^y  ^^^P^  ^"^  neither  they  nor  ferum,  added  in  any 

theydiffoive  proportion  to  a  folution  of  the  red  matter  in  water,  alter 
thn-edpart.  .  ,         , 

It  s  colour  or  tranfparencv,  except  by  diluting  it.  For  hav- 
ing added  a  drachm  of  diftilled  water  to  an  ounce  of  ferum, 
the  mixture  was  poured  upon  a  finall  piece  of  craiTamen- 
tum  :  and  upon  an  eqftal  pieceof  this  laft  a  drachm  of  wa- 
ter was  poured,  and  an  ounce  of  ferum  after  fome  time 
^vas  added.  Each  parcel  therefore  contained  the  fame 
quantity  of  craflamentum,  ferum  and  water,  but  the  craf- 
famentum  upon  which  the  mixture  of  ferum  and  water 
*had  been  poi^red  communicated  no  tinge  to  it,  while  the 
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Other  piece,  to  which  water  had  been  firft  applied,  and 
afterwards  ferum,  gave  a  deep  colour  to  the  fluid  above  it. 
Similar  experiments  were  made  with  craffamentum,  wa- 
ter, and  a  dilute  folution  of  a  neutraKalt,  which  were  at- 
tended with  the  fame  refults. 

Since  then  neither  ferum,  nor  a  dilute  folution  of  a  Hcvs-fon's 
neutral  fait,  will  extract  colour  from  blood,  though  they  l^  thrred" 
are  both  capable  of  diifolvino;  the  red  matter,  when  fepa-  s'*^^"'^''  , 

^  '-^  -»  r       conhrmca. 

rated  by  water  from  the  other  parts  of  the  mafs,  it  fol- 
lows, according  to  this  chemift,  that  the  red  globules 
confift  of  two  parts,  one  within  the  other,  and  that  the 
outer,  being  infoluble  in  ferum  or  dilute  folutions  of  neu- 
tral falts,  defends  the  inner  from  the  action  of  thefe  fluids. 
The  microfcopical  obfervations  of  Hewfon  led  to  the  fame 
conelufion,  that  the  red  globules  confift  of  two  parts,  an 
exterior  veficle  and  an  interior  folid  fpherc.  The  exterior 
part  of  the  globule  appears  ^o  Dr.  Wells  to  be  that  in- 
gredient of  the  blood  upon  which  common  air  and  the 
neutral  falts  produce  their  immediate  effe6f,  when  they 
render  the  whole  mafs  fluid,  for  they  neither  a6t  on  the  ^ 

red  matter,  nor  do  they  occafion  any  change  in  the  coa- 
gulated lymph  or  ferum.  It  feems  evident  alfo  that  there 
exifts  an  animal  matter  in  the  blood,  different  from  the 
coagulable  lymph,  the  coagulable  part  of  the  ferum,  the 
putrefcent  mucilage  and  the  red  particles. 

Pr.  Wells  is  of  opinion,  that  although  all  reafoning  Afford  other 
founded  upon  microfcopical  experiments  ou2;ht  perhaps  refp^fn^"^ 
to  be  rep-arded  as  in  2;reat  meafure  coniectural,  yet   thofe  ^''^^  ^^^  &^'^~ 
of  Hewfon  appear  likewife  to  furnifli  a  reafon,  why  both 
water  and  a  faturate  folution  of  a  neutral  fait  can  extract 
colour  from  the  red  globules,  though  a  niixture  of  thofe 
fluids  be  incapable  of  the  fame  effccl:.     For  water  applied 
to  the  red  globules  feparates  the  exterior  veficles  from  the 
red  particles,  which  are  now  open  to  the  a6lion  of  any 
folvent.     The  addition  however  of  a  fmall  quantity  of  .a 
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neutral  faltto  the  water  enables  the  vcficlcs  to  preferve  ttiei! 
fliape  and  rttain  the  inner  fphcricles.     On  the  addltioij 
of  a  larger  quantity  of  fait  the  veficles  contrail,  and  apply 
themfelves  clolUy  to  the  red  particles  within.     Thus  far 
KxtenJed     Hewfon.  Let  it  now  be  fuppofcd  that  the  veficles  contrail 

furtht"-  by  ^  '       .  , 

Dr.  Weils,  flill  more,  from  a  further  addition  of  faltto  the  water; 
then,  as  the  internal  particles  are  incompreffible,  the  (ides 
of  the  veficles  will  be  rent,  and  their  contents  expofed  to 
the  a61ion  of  the  furrounding  fluid.  Both  water,  and  a 
{lr(^ng  folution  of  a  neutral  fait,  may  therefore,  according 
to  Dr.  Wells,  deftroy  the  organization  of  the  veficles, 
though  in  different  wavs,  and  thus  agree  in  bringing  the 
red  matter  in  contacSi  with  a  folvent,  while  a  mixture  of 
ihofe  two  fluids,  viz.  a  dilute  folution  of  a  neutral  fait, 
will,  by  hardening  the  veficles,  increafe  the  defence  of  the 
red  matter  againfl  the  aftion  of  folvents. 

Home,  From  the  experiments  of  Charles  Grover  inflituted  by 

Home,  it  appears  the  blood  is  capable  of  uniting  with  a 
quantity  of  urine  equal  to  itfelf,  fo  as  to  form  a  firm  coa- 
"  ,  gulum  ;  that  the  red  particles  do  not  diffolve  in  this  coa» 
gulum,  but  it  is  diffolved  by  the  furrounding  urine;  that 
an  admixture  of  urine  prevents  the  blood  from  becoming 
putrid,  and  the  coagulable  lymph  breaks  down  into  part3 
nearly  refembling  a  foft  powder.  .  He  was  led  to  make 
thefe  experiments  from  a  circumftance  that  happened  to 
a  patient.  He  had  a  rupture  of  a  vefTel  in  one  of, the 
kidneys,  and  from  the  fymptoms,  it  feems,  that  part  of 
the  blood  which  pafled  into  the  bladder  from  the  kidney 
remained  there  and  formed  a  coagulum,  which  coagulum 
'  gave  a  bloody  tinge  to  the  urine,  and  caufed  an  inability 
to  void  it  without  afliftance,  till  it  was  difTolved  by  the 
urine.  Experiments  out  of  the  body  perfeclly  agreed 
with  what  happened  ip  the  bladder. 

Thelaft  experiments  o^  healthy  blood  were  made  to  dif- 
coyer  the  quantity  of  carboa  in  k^  which  was  found 
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to  exift  in  larger  proportion  in  the  arterial  than  in  venous 
blood.  1.  Abildgaard^  on  drying  100  parts  of  the  venous  Abiidgaard. 
blood  of  a  horfc,  by  a  moderate  heat  got  20  parts  of  a 
fubftance  fufficicntly  dry  for  pulverization^  whiHl  the  fame 
quantity  of  arterial  blood  afforded  2  5.  2.  To  alkahze, 
after  Kirwan's  metho:)^  1  oz.  of  nitre  by  detonation 
(480  grains  to  the  oz^)  required  I92  grains  of  vexious, 
and  only  iCO  of  arierial  blood.  3.  An  oz,  of  venous 
blood,  after  being  dried  and  dccompofed  in  a  clofe  veffel, 
aftorded  l\5  ^  grains  of  carboi,  whilit  the  lame  quantity 
of  arterial  blood  only  gave  87  y  of  carbon.  4,  To  de- 
compofe  480  grains  of  nitre,  148  grains  of  carbon  of 
venous  blood  were  neccilli^ry,  but  only  liy  grains  of  that 
of  arterial  blood  :  this  experiment,  how.evcr,  Abildgaard 
looked  upon  as  not  very  cxacl,  from  a  part  of  the  car- 
bon flying  off  like  a  duft.  The  carbon  of  arterial  was 
likevvife  much  lighter  than  that  of  venous  blood.  5. 
Having  feparated  the  red  part  of  the  blood  fn  ni  the  fe~ 
rum  and  fibrous  part,  it  was  dried  and  tried  with  nitre^ 
and  he  found  that  130  grains  of  this  red  part  were  necef- 
fary  to  alkalize  480  o-rains  of  nitre,  vvhilfl  it  required  202 
grains  of  fibrous  part  feparated  from  the  ferum,  and  wel} 
waflied,  to  alkalize  the  fame;  this  part  however  detonat- 
ed with  more  vivacity  than  the  other  parts  pf  the  blood. 
Such  are  the  experiments  and  obfervallons  that  have  been 
made  on  the  nature  aj:id  properties  of  blpo^  in  it's  hc^ltjiy 
flate. 

Before  the  experiments  of  Parmentitjr  and  Deyeux,  Difeafed 
little  or  no  attempt  had  been  made  to  deterra  ine  by  analyfis 
the  change  that  blood  undergoes  when  affceled  by  difeaft:. 
The  invefligation  of  thefe  chcmifts  was  confined  to  the 
human  blood,  and  the  ftandard,  by  which  a  comparlfoii 
of  the  products  was  made,  was  taken  from  healthy  peo- 
ple of  both  fexcs,  of  good  conflltutions,  and  of  different 
ages  and  temperament^.     They  found   the  blood  of  ^ 
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young  perfon,  in  general,  to  have  a  more  lively  red  co- 
lour than  that  of  a  middle  aged  perfon  ;  that  the  albumcnr 
of  the  icTum  docs  not  acquire  fo  much  firmncfs  ^  that  the 
coaguhim  lias  lefs  confidence,  and  that  the  fibrous  mat- 
ter is  not  fo  abundant :  as  to  the  other  produ6ls,  they 
were  fimilar  to  thofe  which  the  blood  of  other  animals 
afford;  to  which  it  may  be  added,  that  no  notice  was 
taken  of  the  quantity  of  the  products  of  different  fubjefts, 
but  only  of  the  conftituent  parts,  the  comparative  quan- 
tities varying  more  or  lefs  every  day  in  the  fame  fubje^L 
In  an  in^  The  blood  of  pcrfons  affefted  with  inflammatory  6ii(^ 
ame  ate.  ^^^^^  ^,^j,  ^,.(|.  examined.  Some  was  taken  from  a  voung 
man  twenty-fix  years  old,  of  a  ftrong  and  vigorous  habit : 
he  had  been  fuddenly  feized  with  a  pain  in  his  fide,  ac- 
companied with  fever,  oppreflRon,  and  a  fpitting  of 
blood. 

This  blood,  on  coming  from  the  vein,  w-as  of  a  beau- 
tiful red  colour,  the  coagulum  was  very  foon  formed,  the 
ferum  feparated  from  it,  and  the  furface  of  the  coagu- 
lum was  covered  with  a  whitiih  folid  huffy  of  the  tbick- 
nefs  of  a  crown  piece,  which  when  it  had  acquired  all 
it*s  firmnefs,  was  feparated  from  the  coagulum.  The 
coagulated  part  was  lefs  confiftent  than  that  of  healthy 
blood  ;  it  very  much  refembled  red  currant  jelly,  not 
fufficiently  boiled.  Water  readily  diffolved  it,  and  at  the 
fame  time  fome  fibrous  particles  or  pellicles,  extremely 
thin  and  light,  were  obferved  to  remain  at  the  bottom  of 
the  veffel,  but  which  foon  arofe  on  the  leafi;  agitation.  A 
part  of  the  coagulum  was  put  into  a  linen  bag,  and  com- 
preffed  at  different  times  in  water,  by  which  means  the 
fibrous  part  was  left  behind  undiffolved  in  the  bag  ;  it 
was  in  filamenlSj  the  fame  as  in  healthy  blood  when  ex- 
pofed  to  the  fame  procefs.  On  expofing  the  water  of  the 
lotions  to  a  boiling  heat,  a  thick  red  coloured  matter  was 
feparated,  the  phyfical  properties  of  which  did  not  appear 
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to  diflTer  from  thofe  of  the  fame   matter  from    healthy 
blood,  and  it  afforded  the  fame  products. 

The  buff  (crufta  inflammatoria)  which  covered  the  BufF. 
farface  of  the  coagulum,  being  waflied  in  diftilled  water, 
became  perfe6lly  white,  and  preferved  it's  confiftence 
and  thicknefs;  after  having  been  wiped  with  blotting 
paper,  it  was  fupple  and  elaftic,  and  formed  an  homo- 
genous femitranfparent  fubftance,  without  prefenting  any 
fibrous  texture  or  tearing  ;  it  refembled  a  piece  of  white 
Ikin  that  had  remained  fome  time  in  water. 

It's  fpecific  gravity  vvas  lefs  than  that  of  water.  Sp.  gr. 

It  was  not  affe6led  by  cold  water,  but  on  being  digefted  Water. 
in  boiling  water  it  refembled  ficfli   in  it's  being  a6led 
upon,  and  it  became  hard. 

Very  diluted  acids  had  fcarcely  any  eflfe^t  upon  it,  but  Add?. 
vegetable  acids,  particularly  vinegar,  completely  diiTolved 
it,  and  thefe  folutions  were  decompofed  by  fixed  alkalis. 

Fixed  and  volatile  alkalis,  in  their  mild  ftate,  had  very  Alkalis. 
little  or  no  aftion  upon  it,  but  in  their  cauftic  ftate  and 
by  digeftion,  they  diiTolved  it. 

It's  exficcation  is  foon  efieded  by  placing  it  upon  the  Exficcation. 
large  mouth  of  a  bottle,  thus  diminidiing  it's  points  of 
contaft  \  in  this  fituation,  it  lofes  all  it's  humidity  in  the 
fpace  of  twenty-four  hours,  and  is  reduced  to  a  very  thin 
femitranfparent  fubftance,  rcfembling  a  piece  of  bladder. 
Before  and  after  it's  exficcation,  it  afiTords  the  fame  pro- 
ducts as  the  fibrous  matter. 

Expofed  to   a  humid  air,  it  foon   becomes  putrid  :  it  Putrcfac- 
lofes  it's  confilbnce  by  degrees,  and   is  converted  into   a 
kind  of  puriform  matter  of  fo  difgufting  an  odour  as  to 
be  difficult  to  fupport. 

The  ferum^  which,  as  before  mentioned,  feparates   at  Serara, 
the  fame  time  with  the  coagulum,  was  of  a  tranfparent 
lemon  colour;  from  it's  favour  it  appeared  to  contain 
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fixed  alkali,  which  was  corroborated  by  it's  changing  the 
fyrup  of  violets  green. 

Heat.  Boilingwater  beingpourcdup^nit,  no  coagulation  of  the 

albumen  took  place,  but  the  mixture  became  of  a  milky 
colour^  and  refembled  a  folution  of  foap  in  water.  Kx- 
pofed  to  the  heat  of  a  water  bath  (bain.  Mar.)  it  loft  it's 
fluidity,  and  was  converted  into  a  white  matter  as  thick 
as  the  hardened  white  of  an  egg,  however,  without  en- 
tirely it's  conliftcnce  and  continuity,  as  there  appeared  to. 
beafmall  quantity  of  fluid  betw^een  it's  particles  which 
oppofed  their  union.     This  matter  contained  fulphur. 

Aikaiw.  Caufiic  fixed  alkali  with  this  ferum  formed  a  mixture 

that  was  no  longer  coagulable  by  heat ;  it  remained  con- 
ftantly  fluid,  but  on  adding  fome  didillcd  vnnegar  to  it, 
die  liquor  became  turbid,  and  a  flaky  fubftance  feparated 
which  fwam  on  it's  furface ;  at  the  fame  time,  a  very 
fenfible  odour  of  fulphurous  hydrogenous  gas  was  difcn- 
gaged, 

Atlis.  Acids  likewife  do  not  trouble  the  tranfparency  of  this 

ferum  in  a  diluted  flate,  but  they  coagulate  it  whencon^ 
centrated  ;  this  effe6l  is  more  particularly  produced  by  the 
fulphuric  acid. 

Aicoi^oi.  This  fluid  is  alfo  acted  upon  by  fpirit  of  wine,  for  they 

fcarcely  come  into  contact  when  the  mixture  becomes 
turbid  and  milky, 

Biitiiuilop,  Lafl:ly,  if  this  ferum  be  diflilled  on  the  open  fire,  there 
are  obtained  phlegm,  oil,  fluid,  and  concrete  ammonia  ; 
and  alight  and  then  a  thick  heavy  oil.  Tov/ards  the 
end  of  the  procefs,  the  matter  tumefjes,  and  at  lafl,  a 
]io;ht  coal  is  found  at  the  bottom  of  the  retort,  from 
wliich  iron  was  extracled  by  the  magnet;  afterwards  foda 
and  muriat  of  foda  were  obtained  by  lix^iviation  and 
fpontaneous  evaporation. 

Compared        Amongfl:  the  different  producls  which  the  analyfis  of 

riood.^^^'^  this  inflammatory  blood  afforded,  there  are  fome  that 
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pr£rentjed  chara£lers  noL  to  be  found  in  ordinary  bloody 
fuch  are 

111.  The  buffy  matter. 

2d.  The  foft  ftate  of  the  coaguliim  the  furface  of  which 
was  covered  by  the  buff. 

3d.  The  want  of  continuity  of  the  albumen  fcparatcd 
from  the  ferum  by  means  of  heat. 

4th.  The  Impoffibihty  of  producing  the  concretion  of 
the  albumen  by  pouring  boiling  water  on  the  ferum, 

5th.  The  milky  colour  which  the  mixture  receives. 

Amongft  all  the  produ6ts,  the   buify   part  is  one  of  Nature  <jf 
thofe  which  appears  principally  to  have  fixed  the  attention 
of  authors  who  have  written  on  the  blood.     Having  been 
taught  by  obfervation,  that  it  only  exifted  under  certain 
circumftances,  it's  prefence  was  looked  upon  as  indicat- 
ing fome  difeafe,  but  they  agreed  very  little  refpe6):ing 
either  it's  nature,    compolition,    properties,  or  ori^jin. 
Thus  Sydenham  attributed  it's  origin  to  the  lymphatic  v?,iiousop?ii 
and   fibrous  part  of  the  blood.     Malpighi  and  Haller  "^^'"'' ^^ "' 
looked  upon  it  as  formed  by  the  thickening  of  the  chy- 
lous and  nutritive  matter  of  the   blood.     Quefnoy  and 
Sauvages  had  no  doubt   of  it's   being  perfe6tly  formed 
pus,  or  nearly  fo  ;   and  Gabcrt,  who  had  at  firtl  adopted 
the  fame  opinion,  afterwards  abandoned  it,  and  believed 
it  to  be  one  of  the  albuminous  products  which  feparates 
from   the  ferum.     Hewfon,    Mofcati,  and  Callifon   be- 
lieved, that  it  arifes  from  the  craflfamcntum.     They  ex- 
plain it's  formation  l^y  faying,  that  the  blood,  and  parti- 
cularly the  coagulable  part,  is  more  diffblved  and  diluted 
Jthan  other  blood,  on  which  account  the  more  fpccifically 
heavy  red  part  has  time  to  fcparate  and  fall  to  the  bottom, 
whilft  the  lighter  colourlefs  part  remains  at  the  top  ;  and 
they  conclude,  that  the   a61;ion  of  a  real  inflammation 
confifts  in  a  leffened  coagulability  of  the  blood.     Bordeu 
imd  Robert  regard  it  as  the  produd  of  a  fort  of  mucilage 


9^  FLUIDS. 

with  which  the  blood  abounds.  Hey,  Lappenberg,  and 
Burfenius,  impute  it  to  an  increafed  coagulability  of 
the  blood,  which  is  partly  occafioned  by  an  internal 
change  of  it's  previous  mixture,  and  a  proportionable  in- 
creafe  of  the  fibrous  part  to  the  ferum,  andpartly  to  the 
incrcafe  of  the  coagulable  part  of  the  ferum.  Gren  like- 
wife  attributes  it  to  the  increafed  coagulability,  and  the 
increafe  of  the  fibrous  part  of  the  blood.  According, 
however,  to  de  Haen,,^Siveton,  and  Boerhaave,  the  buff 
is  not  always  prcfent  in  a  true  inflammation,  and  ifc 
cxifts  fometimes  when  this  inflammation  is  not  prcfent ; 
and  Burferius  found  it  in  the  blood  of  horfes'in  their  mofl 
perfect  health.  Such  are  the  diverfitv  of  opinions  ref- 
pefting  this  fubftance,  but  the  perfect  analogy  which  the 
above  experiments  fliow  there  is  between  it  and  the  fibrous 
matter  leaves  no  doubt  on  it's  nature.  It  dill  remained 
to  difcovcr  the  manner  in  which  the  feparation  of  the  buff 
takes  place,  which  was  done  in  the  following  manner  : — 
Srpp.raiion  Somc  blood,  in  which  a  buff  was  expe6led  to  form, 
'  was  received  in  a  porcelane  veffel,  and  every  thing  about 
to  take  place  was  examined  with  minute  attention.  It 
was  obferved,  that  in  proportion  as  the  blood  approached 
towards  coa2;ulation,  the  firfi;  lineaments  of  the  buff  be- 
gan  to  be  formed  upon  it's  furface.  By  means  of  a  nee- 
dle fomc  of  this  buff  was  feparated ;  it  appeare>d  in  the 
form  of  filaments,  more  or  lefs  long,  their  confiflence 
and  elaflicity  refembling  thofeof  the  fibrous  filaments.  It 
,wag  at  firfl:  thought  poflible  thatnhe  fame  feparation 
might  be  continued  as  the  buff  appeared,  but  the  coagu- 
lation fuddenly  taking  place,  it's  furface  was  covered  witli 
a  pellicle,  which  foon  became  thick  and  put  an  end  to 
the  experiment;  otherwife,  the  coagulum  might  have 
poffiblv  been  procured  deprived  of  it's  buff,  which  would 
have  led  to  the  theory  of  the  formation  of  that  fubftance*  * 


Oi  til' 


FLUIDS.  93 

^  Admitting  therefore,  that  the  buff  owes  it's  origin  to  Opinion  of 
tiie  fibrous  matter;  which  cannot  be  doubted,  from  it's  andDeyeux. 
poffeffing  all  the  properties  of  that  matter  ;  it  appears 
probable  to  Parmentier  and  Deveux,  that  it's  formation 
can  only  take  place,  bccaufe  the  particles  of  the  fibrous 
matter  dilTolved  in  the  blood,  fo  long  as  they  are  endued 
with  vital  motion,  lofe  their  fol ability  in  proportion  as 
the  blood  coagulates  ;  afterwards  from  their  fpecific  gra- 
vity they  rife  to  the  furface,  where  by  uniting,  they  give 
rife  to  the  folid  body  called  buff.  What  appears  to  juftify 
this  explanation,  is  the  facility  with  which  the  formation 
of  this  fubftance  is  prevented,  for  by  fcparating  the  fibrous 
matter  by  means  of  agitation,  the  particles  of  it  not  be- 
ing then  able  to  collect  fpontaneoufly  together,  mull 
neceffarily  appear  under  another  form ;  fo  that,  inftead 
of  a  homogenous  fubftance  poffeffing  continuity  and  a 
fort  of  texture,  only  oblong  and  elaftic  filaments  are  ob- 
tained, which  are  fimilar  in  every  refpe6l  to  the  fibrous 
matter.  The  natural  denfity  of  the  blood  that  furniflies 
the  buff  undoubtedly  facilitates  the  feparation  of  the  fi- 
brous matter,  and  places  it  in  a  favourable  ftate  that  it 
may  colle«Sl  itfelf ;  for  when  this  denfity  is  diminiflied  by 
diluting  the  blood  with  water,  no  buff  appears  ;  or  if  it 
be  formed,  it  has  not  the  fame  confidence  as  that  which 
arifcs  upon  the  blood  when  left  to  itfelf. 

For  the  formation  therefore  of  this  buff,  it  is  neceffary 
that  the  blood  have  a  certain  degree  of  fluidity,  above  and 
under  which  the  fibrous  matter  is  not  able  to  feparate  itfelf; 
but  fince  this  fluidity  naturally  diminiflies  in  proportion' 
as  the  blood  lofes  it's  vital  principle,  it  is  not  extraordi- 
nary, that  a  certain  quantity  of  fibrous  matter  ffiould  al- 
ways" remain  confounded  with  the  fubiiance  of  the  coa-  ♦ 
gulum,  w^hich  may  be  obtained  by  wafhing  the  coagulum 
in  water.                                                                            t 

The  feparaiion  of  the  fibrous  matter  employed  in  form* 
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ing  the  buff,  may  likewife  be  regarded  as  the  taiife  ot 
the  foftnefs  which,  as  above  mentioned,  is  natural  to  thfe 
fubftance  of  the  coagulum.  Indeed,  if,  as  has  been 
already  (fiown,  the  coagulum  only  owes  it*s  confidence 
to  the  prefence  of  a  certain  quantity  of  fibrous  matter, 
the  more  inconfiderable  the  quantity  of  this  matter  \s, 
the  Icfs  will  be  the  confidence  of  the  coagulum;  hence 
it  ought  to  be  infinitely  more  foluble  in  water  than  that 
which  is  deprived  of  all  it's  fibrous  matter;  In  fhorf, 
it  would  appear,  that  the  fibrous  matter,  in  order  to  en- 
joy the  property  it  has  of  feparating  to  form  the  buff, 
has  undergone  fome  alteration  from  the  a6lion  of  the 
difeafe ;  which,  although  infenfible  to  the  chemifl:,  is 
not  fo  by  it's  cifefts  in  the  animal  economy  during  cir- 
culation. 

Laftlv':,  the  fibrous  matter  is  not  the  only  conflituent 
part  of  the  blood  on  which  the  difeafe  appears  to  have 
a6led  ;  it's  efre6ts  may  be  likewife  remarked  in  a  very 
fcnfible  manner  on  the  albumen  ;  for  it  has  been  befoi^e 
obferved^  that  it  was  coagulated  with  great  difficulty  by 
heat,  and  that  once  feparated,  it  had  never  that  con- 
fiftence  and  continuity  which  it  has  when  feparated 
from  the  ferum  of  healthy  blood  by  the  fame  means. 

Before  concluding  this  article  on  inflammatory  blood, 
it  may  be  obferved,  that  on  examining  the  blood  of 
many  patients,  afTeAed  with  inflammatory  cifeafes,  very 
fenfible  differences  in  the  refults  are  often  to  be  obferved. 
Sometimes  the  buffy  part  is  very  thick,  at  other  times 
very  thin ;  fometimes  the  ferum  is  in  large  quantity, 
at  other  times  in  fmall  quantity,  and  feparated  from 
the  coacrulum  with  great  difficulty ;  likewife,  the  blood 
of  different  difeafed  people  has  different  fliades  of  colour. 
From  thefe  obfervations,  the  two  chemifis  have  acquired 
the  moll  complete  proof  of  the  difficulty,  or  rather  im- 
poflibility  of  finding  any  two  bloods  perfectly  fimilar ; 
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which  is  eafily  conce*u-ed  on  refle6ling  upon  the  d'lveriity 
of  accidents  which^  independent  of  the  temperaments 
of  each  Individua],  always  accompany  inflammatory  dif- 
eafesj  and  which  have  a  more  or  lefs  marked  influence 
not  only  on  this  fluid^  but  even  on  the.  other  fluids  of  the 
animal  fyflem. 

The  next  objcc^i  of  thefe  chemifts^  was  the  invefti^ra-  Blood  of 
tion  of  the  blood  of  pcrfons  afleeled  with  the  fcurvy ;  perfoa?, 
for  this  piirpofe  they  examined  three  patients  who  had 
the  characSteriftic  fymptoms  of  this  difeafe.  Two  of  thefe 
were  between  twenty-nine  and  thirty  years  old,  the  third 
was  forty-feven.  The  flrft  was  ailc^led  with  pains  in 
bis  fide,  independently  of  the  fymptoms  of  the  difeafe, 
for  which  venefe6lion  was  ordered  :  the  fecond,  and 
more  particulary  the  third,  had  a  general  plethora,  and 
the  expecStation  of  hemorrhage  necciiitated  the  acl  of 
V.  S. 

Firft  patient.  This  blood  had  a  red  colour  with  little 
brightncfs ;  the  coagulum  took  place  very  readily,  the 
ferum  was  (lightly  lemon-coloured  and  tranfparent,  and 
the  quantity  not  greater  than  that  of  inflammatory  blood. 
It's  taile  was  alkaline:  it  changed  the  fyrup  of  violets 
green,  mixed  with  acids  without  effervcfcence,  and 
without  lofing  it's  tranfparency ;  but  it  was  coagulated 
by  concentrated  acids,  alcohol,  ether,  and  all  dephleg- 
mated  fpirituous  liquors,  which  alfo  produced  a  whitifh 
matter  in  it  that  fuddenly  fell  to  the  bottom  of  the  vef- 
fel  ;  alkalis  incrcafed  it's  fluidity.  Expofed  to  the  heat 
of  boiling  water,  the  ferum  coagulated,  but  not  fo  firmly 
as  in  a  healthy  flate  ;  and  when  this  coagulated  ferum 
was  flightly  prefTed,  a  limpid  and  colourlefs  liquor  was 
obtained,  which  did  not  change  the  fyrup  of  violets. 
The  matter  remaining  upon" the  linen  had  all  the  proper- 
ties of  the  albumen  of  the  blood. 

The   coan;uluni   of  the  blocd,  a   faort  time   after  It'g 
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fbmiatlon,  loft  a  part  of  it*s  volume,  but  at  the  fame 
time  a  fmall  quantity  of  fcrum  ran  from  it.  It's  furface 
did  not  prefcnt  that  lively  and  bright  red  froth  vi^hich  19 
obferved  in  healthy  blood,  but  it  was  covered  with  fo 
thin  a  pellicle  as  not  to  prevent  the  fubftance  of  the  coa- 
gulum  from  being  diltinguiflied  underneath;  the  tenacity 
of  this  pellicle  prevented  it's  being  feparated.  The  con- 
fidence of  the  cdagulum  was  the  fame  as  in  ordinary 
blood,  and  the  fibrous  matter  feparated  by  means  of 
water,  was  in  as  great  a  quantity,  and  as  firm  and 
elaftic. 

Second  patient.  The  feparation  took  place  in  this 
blood  as  in  the  preceding  ;  the  pellicle  that  covered  it 
was  whitirn  and  ibmewhat  thick  ;  it's  confidence,  how- 
ever, was  not  very  ilrong,  as  the  leafl:  preffure  was  fuf- 
ficient  to  tear  it.  The  fmall  portions  taken  after  the 
ablutions,  were  white  and  femitranfparent,  and  refembled 
thofe  obtained  from  the  long  agitation  of  a  piece  of 
coagulum  in  cold  water  :  on  red-hot  coals  they  were  dc- 
liroyed,  giving  an  odour  of  burnt  coal  ;  they  were  dif- 
folved  by  vinegar  and  cauftic  alkalis ;  but  alcohol,  on 
the  contrary,  made  them  folid. 

The  ferum  had  nothing  in  particular. 
'Third  patient.  This  blood  was  decidedly  buffy,  but 
the  buff  was  not  fo  thick  as  that  of  inflammatory  blood, 
yet  more  firm  than  that  of  the  fecond  patient  :  it  was 
eafily  waflied  in  water  without  tearing  ',  by  wafliing  it 
became  very  thin,  but  preferved  it's  tranfparency  ;  boil- 
ing water,  vegetable  a^ids,  alkalis  and  alcohol  had  the 
fame  efie6l  upon  it  as  on  common  buff;  on  exficcation 
it  was  reduced  to  fo  friable  a  leaf  as  to  be  divided  into  fe- 
vcral  parts  on  the  leaft  touch.  The  fubftance  of  the 
coagulum  under  this  buff  had  a  fpecies  of  foftnefs  which 
permitted  the  water  to  diffolve  it  very  eafily,  whilfi.  at 
the  ilime  time,  fome  membranous  pellicles  feparated  from 
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it,  and  fell  to  the  bottom  of  the  veflcl.  This  coagulum 
inclofed  in  a  linen  bag,  and  wafhed  with  water^  afforded, 
after  foKition,  fonic  very  elaftic  fibrotis  filament. 

The  fcrum,  and   the   red  part,  coagulated,   appeared 
the  fame  as  thofe  of  the  blood  of  the  two  firft  patients. 

On  taking  a  general  view  of  the  blood  of  the  three  pa-  O^ferva* 
tients,  it  was  obferved,  that  none  of  them  had  that  pe- 
culiar   odour  which    is    fo   marked   in   heakhy    blood. 
This  difference  in  the  odorous  principle,  and  a  more  or 
Icfs  difpfoportion  to  form  buff,  are  the  only  effential  dif- 
ft^rcnces  to  be  obferved  in  thefe  three  fcorbutic  patients. 
Thefe  chemifts  found  the  defcription  of  authors^   vi^ho 
fay,  that  the  blood  of  fcorbutic  perfons  is  more  fluid  than 
ordinary,  not  to  be  true,  for  it  has  very  nearly  the  very 
fame  properties  as  healthy  blood;  it  affords  a  coagulum 
of  much   confidence,  and  the  quantity  of  ferum  is  not 
more  confiderable.     They  obferved,  that   if  the  fcrum 
was  greater  in  quantity  from  one  bleeding,  the  remainder 
was  lefs  voluminous,  and  zjice  verfa  ;  the  conliflence  of 
that  which  afforded  the  leafl  ferum,  lefs  firtn,  whilft  on 
dividing  it  a  quantity  of  ferum  flows  out  that  had  been 
detained  between  its  parts ;  that  the  more  ferum  it  af- 
fords^  the  lefs  runs  from  it  afterwards ;   and  therefore,  if 
the  quantity  of  ferum  of  one  bleeding  be  compared  with 
that  of  another,    from   the  fpontaneous  feparation  and 
divifion  of  the  coagulum,  very  little  difference  will  be 
perceived ;  from  which  it  would  appear  that  all  indica- 
tions drawn  from  the  apparent  quantity  of  ferum  of  the 
blood,  are  often  erroneous. 

The  greater  or  lefs  opening  in  the  vein,  the  greater  or 
lefs  confiderable  quicknefs  with  which  the  blood  flows 
from  it,  the  more  or  lefs  marked  weaknefs  of  the  pa- 
tient, the  form  of  the  veffel  in  which  the  blood  is  re- 
ceived, and  the  motion  and  agitation  which  it  is  fcarcely 
impoffible  to  avoid,  may  be  confidered  as  the  principal 
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c^iifes  which  haflen  or  retard  the  formation  of  the  coagu- 
Iiim,  and  of  it's  fcj-mctimcs  retaining  a  large  quantity  of 
feruni ;  whilft,  at  other  times,  it  lets  a  greater  or  lefa 
quantity  efcapc.  It  is  not  however  to  be  fuppofed,  that 
in  all  circumftcmces  the  blood  of  difeafed  people  is  equal- 
ly ferous  ;  at  the  fame  time,  it  is  an  error  in  thofe  phyfi- 
ologifts  who  have  advanced,  that  the  fJnidity  of  the  blood 
of  fcorbutic  people  was  more  decidedly  marked  than 
that  of  the  blood  obtained  in  other  difeafcs. 

One  reafon  of  their  having  attributed  this  more  than 
ordinary  fluidity  to  fcorbutic  blood,  appears  to  have 
been  the  facility  with  which  it  efcapcs  from  the  veflels 
in  that  difeafe,  and  which  Parmentietand  Deyeux  attri- 
bute to  the  debility  of  the  veflels  ;  which  not  being  able 
to  refift  the  Icafl;  efforts,  are  eafily  torn  and  let  the  fluid 
they  contain  efcape ;  hence,  the  hemorrhages  from  the 
gums  and  nofe  of  fcorbutic  people.  The  fame  happens 
in  old  people  who  arc  bled  ;  their  blood  flows  flowlv, 
which  is  attributed  to  the  fame  caufe,  the  debility  and 
^accidity  of  the  vafcular  fyllem  ;  and  in  many  cafes,  old 
people  finifli  their  career  by  difeafcs  that  are  very  ana- 
logous to  the  fcurvy.  To  the  fame  caufes,  viz.  the  vef- 
fels  being  torn,  and  an  extravafation  taking  place  under 
the  fcgments,  thefe  chemif^i  think,  thofe  blue  fpots  ori- 
ginate that  are  to  be  feen  upon  the  legs  of  fcorbutic 
patients. 
Bioodof  The  lad  difeafed  blood  which  Parmcntier  and  Deyeux 

pL«rfons  examined,  was  that  taken  from  patients  afiefted  with 
diicafes.  putrid  fcvcrtj.  From  their  experiments  it  appears,  'that 
the  blood  of  thefe  patients  was  never  alike.  Sometimes 
the  firft  bleeding  aflbrded  a  very  bufiy  blood;  at  other 
times  the  buff  was  very  inconfiderablc  in  quantity,  and 
fometimes  it  was  not  prefent;  it  was  likewife  to  be  re- 
marked, that  the  ferum  ealily  feparuned  from  the  coagu- 
lum,  although  the  feparaticn  was  oftcner  more  difficult. 
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The  produ6ls  by  analyfis  prefented  nothing sCX trad rdi- 
narv  ;  the  buff  appeared  finiilar  to  that  in  inflammatory 
difeafes  ;  likewife,  the  fubftanee  of  the  coagidum  beneath 
it  had  very  little  co.'ifiilence,  and  was  Very  foluble  ia 
water,  which  folation  was  coagulated  by  the  a6lion  of 
heat,  alcohol,  and  concentrated  acids  3  whilft,  on  the 
contrary,  fixed  and  volatile  alkalis  oppofed  it*s  coagula- 
tion, and  fingdarly  exalted  its  colour. 

It  was  expelled,  on  fubmitting  it  to  diftillation  on  the 
water-bath,  that  if  the  principle  of  putridity  really  did 
cxifl:  in  the  blood,  proofs  of  it  would  be  found  in  the 
products,  fuch  a»  volatile  alkali,  which  is  always  obtain- 
ed from  fub (lances  in  which  putridity  has  taken  place  ^ 
but  inftead  of  this,  a  clear  colourlefs  fluid  only  was  ob- 
tcuned,  having  the  odour  and  light  favour  of  blood,  and 
which  had  no  effect  on  the  fyrupof  violets.  It  was  alfo 
obferved,  that  difeafed  and  healthy  blood  expofcd  to  the 
fame  temperature,  was  nearly  the  fame  time  in  becoming 
putrid  ;  from  which  it  is  concluded,  that  in  putrid  dif- 
eaies,  the  principle  of  putridity  does  not  exift  in  the 
blood. 

On  taking  a  general  <furvey  of  the  experiments^  and  General  re- 
recapitulating  the  pbfervations  and  conclufions  of  >Par- [iX.'"* 
mentier  and  Deyeux,  on  the  nature  and  analyfis  of 
blood,  it  confjfts  therefore  of  nine  principal  parts,  viz, 
the  odorous  part,  or  aroma.  Fibrous  matter.  Gelatin. 
Albumen.  Bed  part.  Iron.  Sulphur.  Alkali  or  foda ; 
and  water.  The  proportion  of  thefe  parts  vary  almoff 
infinitely,  according  to  the  age,  temperament,  and  the 
manner  of  living  ;  all  of  them  having  charafters  thatef- 
fcntially  belong  to  them,  with  particular  fhades,  which 
are  often  difficult  to  lay  hold  of. 

ift.     Odorous  part.     In  the  healthy  fubje6V,  this  part  Aroma, 
is  very  fenfiblc,  efpecially  when  the  blood  is  frefh  ;   by 
degrees  it  becomes  weaker,  in  proportion  to  the  chang« 
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the  blood  undergoei?,  and  it  entirely  difappcars  when 
putridity  takes  place.  In  the  blood  of  the  difeafed  fub- 
je6l,  the  aroma  is  lefs  decidedly  marked  5  it  is  even 
probable,  that  in  certain  cafes  it  is  wanting.  It  appears 
rtiat  it's  afiirtity  for  the  fcnmi  is  lefs  than  that  which  it 
has  for  the  coagulum  ;  for  this  laft  fubftance  preferves  it 
entirely  for  fome  time  ;  whilft  the  ferum,  when  j>€rfe6lly 
feparatcd,  is  devoid  of  it.  It  fcciTis  to  have  a  very  fcn- 
fible  analogy  wath  the  aroma  of  vegetables,  fi nee  both 
of  them,  independent  of  their  a^lion  upon  the  organs 
of  fmcll,  are  foluble  in  water,  in  air,  and  in  fpirituous 
liquors. 
yibiin.  2.  Fibrous  matter.     This  matter  appears  to  exift  i^ 

the  ])lood,  if  not*in  a  ftate  of  folution,  at  lead  in  a  (late 
of  extreme  divifion.  To  bring  about  the  feparation,  a 
rapid  motion  of  this  fluid  is  fufficientj  or  it  may  be  ob- 
tained by  diluting  it  with  a  certain  quantity  of  water. 
In  the  firft  cafe,  the  fibrous  matter  is  obtained  in  the  form 
of  filaments.,  adhering  together,  and  producing  a  body 
of  fome  elafticity  ;  in  the  fecond  cafe,  on  the  contrary,  it  is 
precipitated  in  the  form  of  membranous  particles ;  both 
of  them,  however,  when  treated  with  chemical  agents, ' 
afford  conftantly  the  fame  rcfults,  that  is,  thofe  which 
belong;  to  animal  matters  in  creneral. 

In  young  animals,  the  fibrous  matter  appears  to  be 
lefs  teriacious  in  confifience  than  in  the  adult,  in  which 
the  tenacity  is  more  eWdent ;  but  neither  in  health  nor 
in  difeafe  is  th<?re  any  other  difference  than  what  re- 
fpe6ls  the  age ;  fo  that  the  fibrin  feparated  from  the 
blood  of  a  healthy,  vigorous, pcrfon  of  middle  age,  very 
nearly  refcmblcs  that  of  the  blood  of  patients  labourincr 
under  fcorbutic,  putrid,  or  inflammatory  difeafes. 

It  is  the  fibrous  matter  that  contributes  to  the  forma-, 
tion  of  the  coagulum,  which  was  a  long  time  attributed 
iw  the  hk  of  the  natural  heat  of  lik  blood  i  but  wl>*vh 
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15  ill  reality  tlie  confequence  of  the  contra6;ion  this  mat^ 
ter  undergoes  on  lofing  the  principle  of  hfe. 

3.  Gelatin.  Many  very  cekbratcd  phyfiologifts  have  Gda^lu. 
fuppofcd  that  the  blood  contained  a  certain  quantity  of 
gelatinous  mailer.  Rouelle  and  other  chcmilts  having 
fought  for  it  in  vain,  denied  it's  exillence ;  Fourcroy  how- 
ever was  aflured  that  he  had  obtained  it  alone,  and  dlf- 
engaged  from  every  foreign  body.  The  aqueous  fluids 
being  the  natural  menftrua  of  this  matter,  it  may  be  fup- 
pofed  that  the  ferum  would  draw  it  along  with  it,  and  it 
there  remains  confounded  with  the  albumen,  the  neutral 

falts  and  the  foda,  but  it  is  ealily  feparated  on  coagulat- 
ing the  ferum.  There  is  therefore  no  doubt  of  it's  cxif- 
tence.  The  quantity  however  of  gelatin  is  very  incon- 
fiderable  in  the  bloo<:l,  and  it  is  perhaps  on  this  account 
that  it's  difcovery  has  been  fo  long  prevented.  It  is 
probable,  that  in  proportion  as  it  is  formed,  a  part  of  it 
feparates,  which  is  deflined  with  the  fibrin  to  the  forma,- 
tio.n  of  the  mufcular  fubfiance.  The  morbific  a6liou 
fecms  to  have  no  iniiuence  on  the  gelatin,  for  in  the  blood 
of  the  before-mentioned  difeafed  patients  it  was  found  to 
enjoy  all  it's  properties,  and  it  may  be  obferved  oj>  con^ 
eluding  this  article,  that  Hippocrates  aud  Bordeau  were 
not  deceived  in  faying,  that  the  blood  was  melted  and 
running  flefli,  fince  the  two  matters  that  conflitute  flefli 
are  found  in  this  fluid. 

4.  Albumen.     Whilft  the   blood  has   not  undergoi^e  Alhujii'n. 
any  change,  this  particular  matter  remains  in  folution  ipi 

the  ferum,  but  on  the  fmallcft  decompofition  of  the  blood 
it  feparates  into  two  parts  the  one  of  which  unites  with  tl^e 
ferum  and  gives  it  a  kind  of  un^Sluofity  ;  the  other  on 
the  contrary,  joins  the  fibrin  and  colouring  part.  Since 
then,  it's  concretion  can  only  take  place  from  the  lofs  of 
a  pertain  quantity  of  water  that  diflblved  it,,  it  becomes  of 
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confiftencc  which  it  partakes  of  with  ihc  twp  bodies  with 
which  it  is  foimcl  mixed. 

It  is  the  concretion  of  the  alhi  men  that  coiiuibincs  Iq 
the  formation  of  the  coagidum  by  means  of  the  fibrin, 
and  as  the  concretion  of  the  albumen  takes  place  in  thi"5, 
cafe  fpontancoufly  and  without  tlie  aid  of  heat,  it  cannot 
have  loft  the  property  of  being  fokible  in  a  frefti  quantity 
of  watery  and  this  is  alfo  the  reafon  of  the  coagulum  being 
entirely  foluble  in  watpr,  whiUt  the  albumen  Teparated  by 
heat  or  acids  is  no  longer  foluble  in  aqueous  fluids. 

The  foda  or  fixed  alkali  appears  to  contribute  to  the 
folubility  of  the  albumen.  Thcfe  two  bodies  are  indeed 
in  a  fort  of  flight  combination^  fince  heat,  fpirit  of  wine 
and  certain  acids  are  capable  of  defiroying  it,  and  of 
caufing  the  albumen  to  appear,  which  immediately  lofes 
the  property  of  being  foluble  in  water. 

On  comparing  the  albumen  of  the  blood  with  that  of 
the  white  of  c^g,  and  of  other  animal  fluids;  they  are  per- 
fc6lly  fimilar,  at  leafl.  they  have  the  fame  properties,  and 
fulphur  is  likewife  found  in  them. 

Of  all  the  cbnftituent  parts  of  the  blood,  the  albumen 
is  that  which  feemed  to  undergo  the  greatefl  alterations 
from  difeafe.  In  particular  it  became  fenfible  on  heating 
the  ferum  that  held  it  in  folution,  and  it  then  nt^ver  ac- 
quired that  complete  concretion  which  the  ferum  of 
healthy  blood  always  had  when  treated  in  the  faine  man- 
ner. A  certain  quantity  of  liquor  feparated,  which  was 
caflly  extracted  by  fimple  decantation.  This  change 
however  is  not  peculiar  to  any  particular  diforder,  nor 
pould  differences  be  obtained  with  every  precaution,  that 
were  fufficiently  fenfible  to  take  any  account  of. 
Colouring  5.  Red  part.  This  part  of  the  blood  varies  infinitely 
in  it*s  fliades.  In  general,  the  colour  of  the  blood  of 
youth  is  vermilion,  whilfl;  that  of  old  age  is  darker  co-: 
Ipureil.     It  is  hkewifq  well  known,  that  venous  blood  i^ 
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ef  alefs  lively  red  than  arterial,  and  that  the  fliades  in  the 
colour  of  this  fluid  are  very  numerous.  It  was  irnpof- 
fible  to  obtain  the  colouring  part,  difengaged  of  foreign 
matter,  but  it  appears  to  be  always  accompanied  with  a 
certain  portion  of  albumen,  to  which  it  has  a  decided  re- 
lation. Their  foiubility  in  water  and  their  infolubility  in 
fpirit  of  wine,  as  well  as  in  other  menftrua,  are  the  caufes 
that  oppofe  their  feparation,  and  prevent  the  acquirement 
of  the  knowledge  that  might  be  had  of  it,  if  it  could  be 
obtained  by  itfelf.  It  appears  however  to  be  the  opinion 
of  Parmentier  and  Deyeux,  that  iron  a6i:s  a  great  part  in 
the  coloration  of  the  blood,  and  that  it's  folution  is  pro- 
duced in  this  fluid  by  the  foda. 

6.  Iron.     This   metal   is  only  contained    in  the  red 
part  of  the  blood,  which  appears  from  experiments  to  be  i'"^- 
held  in  folution,  as  obferved,  bv  the  alkali,  and  it  is  this 
fokition  that  produces  the  red  colour,  but  what  becomes 

of  the  iron  on  qiiitting  the  blood,  chemifiry  has  not  yet 
been  able  to  decide ;  the  mod  extraordinary  circumftance 
hovve\jer,  is,  that  the  mufcular  part  which  is  fuppoied  to 
\)e  entirely  produced  by  the  blood,  does  not  contaiii  the 
leafl:  atom  of  this  metal. 

7.  Sulphur.  It  is  difficult,  to  determine  the  ftate  in 
which  this  fubftance  is  found  in  the  albumen,  but  it  ap-  Suipin 
pears  to  be  one  of  it's  conftituent  parts.  It  moft  proba- 
bly a6ls  a  great  part  in  the  animal  economy,  fmee  inde- 
pendent of  what  is  found  in  the  albumen  of  the  blood,  it 
exifts  in  the  bile,  the  brain,  and  in  all  the  humours  where 
albumen  is  prefent, 

8.  Fixed  alkali  or  foda.  This  alkiijl  always  accompa-  g^^ 
nies  the  blood,  and  is  in  fuflicient  quantity  always  to  be 
cafily  obtained  from  it;  moft  probably  one  of  it's  princi- 
pal fun6i:ions  is  to  fiivour  the  folution  of  bodies,  which 
without  it's  a6lion  would  remain  infoluble,  fuch  as  iron 
aud  albumen.     It  is  alfo  probable,  that  it's  utility  ii 
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more  extcnfive,  as  would  a})peAr  from  it's  tendency  to 
combination,  and  the  properlyMt  has  of  connnupicating 
it  to  bodies  with  which  it  is  found  united.  It  appe^irs 
to  be  always  in  a  caultic  ftate,  whether  in  the  blood  of 
other  humours  of  the  body,  and  may  be  confidered  as 
their  eflential  fait.  In  the  blood  it  more  efpecially  be- 
comes the  medium  jurj£Iionis  of  the  albumen  >vith  the  fc- 
rum,  and  it's  proportion  in  this  f  uid  is  more  confiderable 
than  that  of  the  albumen  and  iron. 
Water.  0.  Wat^Cr.     The  fluidity  of  the  blood  efientially  de- 

pends upon  the  water  it  'contains,  it  facilitates  the  motion 
of  the  bodies  that  conflitute  it,  and  renders  them  proper 
to  enter  into  the  compofitjon  of  the  different  parts  to  the 
formation  of  which  it  concurs.  If  water  be  compofcd 
of  hydrogen  and  oxygen,  it  ought'to  be  prefumed,  that  \t 
is  continually  forming  in  the  animal  fyftcni,  and  that  in- 
dependent of  the  quantity  neceflary  to  give  fluidity  to  the 
blood,  there  is  another  portion  decompofed  during  the 
aft  of  circulation,  the  refults  of  which  decompofition 
contribute  to  repair  the  fuppofed  lofTes  either  of  the  fibrin 
or  albumen. 

The  blood  does  not  always  contain  an  equal  quantity 
of  water,  hence  it's  fluidity  is  not  always  the  fame;  but 
it  is  certain,  that  from  it's  greater  or  lefs  fluidity,  the  leaft 
confequence  cannot  be  drawn,  fo  as  to  throw  any  light  on 
the  healthy  or  morbific  ftate  of  the  fubjeft  from  whom 
"the  blood  was  drawn,  fince  from  comparative  experiments 
on  the  blood  of  both,  infinite  variations  were  oblervcd. 

Hydrologie  des  menfchlichen  Kce.rpers  von  J.  J.  Plenck. 
art.  Blut.  Vienna  1795.— Weber's  Unterfuchung  der 
Thierifcen  Feuchtigkeiten.  art.  Blut.  Tubingen,  17S0.— 
JLlementa  phyfiologias,  Sec.  au6l  Albert  von  Haller.  EIq- 
menta  fanguinis,  tom.  2.  p.  27,  &c,  Laufan.  1760. — 
Macquer's  Dictionary,  by  Leonhardi,  Article,  Blut  von 
Thieren.  Th.  1.— Thouvcnel^  Tentamen  chymico-mei^f- 
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cum,  he.  Pifcenis,  4to.  1770. — Rouelle,  Journal  de  Mer 
ilecine,  p.  59.  Juillet  1773. — Cavallo,  on  the  nature  of 
the  blood,  vick  his  Eflays  on  the  Medical  Propertrjs  of 
fii6litious  airs,  London  1798. — Menghini  on  the  Comm^ 
Bonon.  torn.  2.  p.  244. — Hewfon's  Enquiries  into  (he 
properties  of  the  Blood,  Philofoph.  Tranf.  vol.  60.  p. 
368.  — Lappenberg  de  diathefi  fang,  inflam.  Goett.  1783. 
— Fpurcroy,  fur  le  fang  arterial  et  vcineux  du  boeuf,  melc, 
fur  le  fang  du  f  tus  humain,  Annal.  de  Chemic,  torn.  7. 
p.  146,  162.— Obfervations  ajid  Experiments  on  the  co- 
lour of  tlie  y.ood,  hyWm.  Charles  Wells,  M.  D.  F.  R.  S. 
Philofoph.  Tranf.  1797,  p.  2.  p.  42  I.-— Mimoire  fur  le 
fang,  par  les  Citoyen-s  Parnjentier  et  Deyenx,  Journal  ilt 
Phyfique,  torn.  44,  p.  37'2.— Obfervations  on  the  changes 
which  blood  undergoes,  when  cxtravafatcd  into  the  uri- 
nary bladder,  8c6.  by  Everard  Home,  E(q.  Phil.  Tranf. 
p.  2.  1796.— P^xtraca  d'uiiC  Let.tre  de  M.  Abildgaard, 
Secret,  de  k  Soc.  de  Copenhagne,  au  Cit.  Hazard,  d^ 
i'lnftitut.  nat.  An.  d-  Ch.  N*"  lOG.  p.  91. 

MILK. 

MilL  This  is  a  more  or  lefs  white  opake  fluid,  fe- 
preted  from  the  blood  in  the  breaft  of  the  female  fex,  for 
the  fupport  of  their  younjx  during  the  firft  ftage  of  life. 
The  mammalia  and  cetacea  are  the  only  tribes  that  afford 
it ;  on  which  account  they  are  called  la6liferous  animals, 
all  others  being  found  deftitute  of  the  organs  that  fecrete 
it. 

It  is  remarkable  for  containing  a  quantity  of  faccharine 
rnatter  in  one  of  it's  component  parts,  aud  a  much  grea- 
ter abundance  of  the  earth  of  bones  or  phofphat  of  lime 
than  any  other  animal  fluid  ]  by  which  it  appears,  that 
nature  was  defirous  of  affording  a  fupply  of  nouridimcnt 
dUji  Qf  ofleous  matter  in  proportion  to  the  rapidity  qf 
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tlie  formation  and  increafe  of  the  bones  and  other  parts, 

during  the  firft  fcafon  of  animal  exiftence. 

Ii'i  piopcr-      Mrik,  as  it  is  drawn  from   the  animal,   has  a  mild 
tics. 

faint  fmell,  which  is  peculiar  to  the  fpccics  it  is  taken 

from.  This  is  the  odour  that  is  exprelTed  by  the  vulgar 
faying,  it  fmells  of  the  cow,  the  goat,  the  afs,  the  (lieep, 
or  the  mare.  As  the  milk  becomes  cooJ,  this  aroma 
goes  off;  it  is  likewifc  expelled  by  expofure  to  heat. 

To  the  taftc,  it  is  pleafant  and  more  or  lefs  fweet,  and 
although  this  laft  property  is  fcarcely  perceptible  in 
die  milk  of  fome  animals,  it  is  however  always  mild. 
To  the  touch  it  is  fomewhat  un^^uous. 

It's  fpecific  gravity  is  greater  than  that  of  diftillcd 
water. 

When  examined  by  the  raicrofcope,  a  multitude  of 
globules  are  fcen  of  unequal  fize,  amd  if  we  may  give 
credit  to  Leuenhoeck,  milk  is  compofed  of  tranfparent 
globules  carried  in  the  fame  manner  as  thofe  of  the  blood 
in  a  diaphanous  liquid. 
Spontane-  Since  tranfpareney  and  limpidity  are  the  moft  certain 
tion  imo  ^'  Hiarks  of  a  real  iblution,  it  might  be  expeftcd  from  the 
tiirce  parts,  opacity  cf  this  fluid,  that  a  portion  at  Icaft  of  it's  con- 
tents was  only  fufpended  in  it  5  and  fuch  is  the  cafe,  for 
if  frefli  milk  be  left  to  repofe  fome  time  in  a  cool  litua- 
tion,  a  ipontaHCous  feparation  takes  place  between  it's 
parts.  In  the  firft  place,  there  arifes  to  the  furface  a 
more  or  kfs  thick  tenacious  fubilance,  the  cream.  When 
this  has  been  taken  off,  the  remainder  goes  by  the  name 
of  fkimmed  milk  \  it  is  then  of  a  bluiili  cafl,  and  has  a 
lefs  mild  favour  and  is  more  fluid  than  before.  Sometinie 
afterwards,  the  coagulable  or  cafcous  part  of  the  milk 
feparates,  which  is  called  curd.  And  this  feparation  is 
more  quickly  effefted  if  the  atmofphere  be  warm,  by 
producing  a  flight  acetous  fermentation  fooner  than 
^onld  othervvife  have  taken  place.     When  this  curd  has 
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been  taken  from  it  W  filtration,  the  remaining  fluid  is 
called  iv/jey,  or  the  ferum  of  milk.  The  coagulation  of 
milk  does  nottake  place  in  vacuo. 

A  reparation  of  the  c.afeous  part^  or  curd,  may  likewife  Aitifsci,-! 
be  effcdlcd  artificially  by  means  of  chemical  reagents  ;  ^y  a^-j^s,' 
thus  milk  is  coagulated  by  all  acids  except  the  carbonic  vegeAabie.v 
and  weaker  acids ;  by  certain  vegetables,  as  gaiium,  val- 
lantia  cruciata,  madder,  thifl:le,  &;c.  But  according  to 
the  obfcrvation  of  Jacquin,  thefe  oi)ly  a.S:  when  added  to 
inilk  in  the  cold,  or  when  it  is  mixed  with  a  cold  aque- 
ous infufion  of  them  ;  for  if  thefe  vegetables  be  boiled  in 
milk,  or  thrown  into  hot  milk,  the  coagulation,  inftead 
of  being  promoted,  is  rather  retarded ;  nor  has  the  infu- 
sion of  thefe  plants  prepared  by  heat,  their  deco6lion, 
or  even  their  diftilied  water  any  effe<Sl  upon  milk  ;  by 
mucous  bodies,  as'  gum  arable,  albumen,  fugar,  Sec,  ^ 
by  all  falts,  more  efpecially  if  they  contain  an  excefs  of 
acid;  as  cream  of  tartar,  falts  of  fuccinum,  benzoin, 
)8cc.  by  all  metallic  fokitions  ;  and  lad ly,  bv  alcohol  and 
all  fpirituous  liquors,  whilft  this  coagulum  is  rendered 
more  perfe61:  by  means  of  heat.. 

The  mild  alkalis  likewife  coagulate  milk,  but  in  a  dif-  Alkali  . 
ferent  manner  from  the  fubftances  before  mentioned,  for 
they  unite  with  the  butter  and  cheefe,  aiid  form  a  kind 
of  faponaceous  mafs,  feparating  from  the  milk  in  the 
form  of  denfc  white  flocculi,  \yhich  by  continued  ebul- 
lition become  yellow,  and  at  length  brown. 

The  caufiic  alkalis  diiTolve  the  coagulum  or  cafeoua 
part,  and  hence  they  make  milk  more  fluid  inflead  of 
jpoagulating  it. 

Lime  water  produces  ^n  imperfe6l  coagulation. 

The  electric  fluid  appears  to  thicken  it  more  or  lefs. 

Fr-efli  milk  neither  changes  the  colour  of  the  tint9:ure 
of  litmus,  nor  of  the  fyrup  of  violets  J  hence  it  is  neither 
*cid  ^lor  alkali. 
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With  refpcci  to  other  fubftanccii  nicniloiicd  by  autl 
as  producing  various  effects  on  niilkj  they  will  be  given 
when  each  kind  of  milk  is  treated  of  individually.  It  may 
be  added,  at  the  fame  time,  that  this  fluid  is  fo  fufccptible 
.of  variation,  not  only  in  ditfercnt  fpecies  of  animals, 
but  in  the  fame  female  at  different  times,  from  number- 
iefs  circumftances ;  fuch  as  age,  feafon,  nutriment,  8cc. 
that  it  is  almoft  impoflible  to  meet  with  two  milks  that  do 
not  differ  from  each  other. 

Heat  al  firft  rendei's  milk  more  fluid,  and  it  becomes 
poijcr,ete  at  the  freezing  points. 
iixpoitd  to  If  frefli  milk  be  expofcd  to  a  gentle  diftilling  heat  on  a 
water  bath^  there  arifcs  a  fat  pellicle,  which  is  fucceedcd 
by  others,  a  part  of  which  being  attached  to  the  fides  or 
bottom  of  the  veflel,  dries  and  torrifief,  communicating  to 
the  fluid  a  difagreeable  empyreumatic  talle  and  odour, 
commonly  called potrcther,  and  which  it  cannot  afterwards 
be  deprived  of;  it  may,  however,  be  prevented  by  fre^. 
quent  ftirring  the  fluid  ^  if  the  ferum  is  to  be  obtained,  it 
is  nceflary  to  take  away  the  pellicles  as  they  appear,  and 
replace  the  fluid  in  proportion  as  it  evaporates  by  diftilled 
water. 

The  ferum  obtained  by  this  method  Is,  on  filtration,  very 
clear,  and  by  fpontaneous  evaporation  affords  fugar  of 
milk,  and  the  other  falts  it  held  in  folution.  Thefe 
pellicles  do  not  form  without  the  conta6t  of  the  air,  fincc 
a  combination  with  oxygen  is  as  neceffary  in  this  cafe  as 
in  the  fpontaneous  coagulation  of  milk.  If  thefe  pelli- 
cles be  waflied,  they  appear  likefemipellucid  membranefj, 
very  much  refembling  thofe  that  line  the  fliells  of  eggs. 
They  form  the  cafeous  part,  and  very  foon  become  putrid 
on  expofure  to  the  air. 

If  the  ebullition  of  the  milk  be  fo  accelerated  as  to  pre* 
vent  the  formation  of  the  pellicles,  and  the  produ6ls  be 
ejitimincd,  there  is  found  in  the  receiver  an  infipid  clear 
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\vater_,  impregnated  with  the  aroma  of  milk,  which 
foofi  hecomes  putrid.  The  part  remaining  in  the  retort 
is  either  in  the  ftate  of  a  moift  or  dry  extraft,  which,  Exttaacf 
when  diflblved  in  hot  water,  affords  the  original  milk, 
but  deftitute  of  it's  pecuUar  aroma.  If  this  extra«Sl  be 
expofcd  to  a  ftronger  degree  of  heat,  as  on  the  fand  bath> 
it  affords  an  empyreumatic  acid  and  oil,  ammonia,  and 
hydrogen  and  carbonic  acid  gafes.  The  refiduum  in  the 
retort  is  a  black  coal,  the  aflies  of  which,  on  incinera- 
tion, givepotafh,  muriat  of  potaih  and  phofphat  of  lime, 
with  a  little  iron. 

New  milk,  if  left  to  itfelf,  undergoes  the  acetous  fer-  Acctonsfcr- 
mentation  5  this  in  cold  weather  requires  feveral  days, 
but  in  a  warm  temperature,  twenty-four  hours  are  fuffi- 
cient  for  that  purpofe.  It  appears,  that  the  milk  of  the 
ruminating  clafs  becomes  four  fooner  than  that  of  the 
others  :  the  milk  of  the  llieep  is  lliid  to  undergo  this 
fermentation  the  fooneft ;  and  that  of  the  marc,  the  la- 
teft.  Milks,  when  rendered  four,  are  ufed  by  different 
nations  as  drink  or  food. 

Milk  becomes  fuddenly  acid  from  fudden  changes  in 
in  the  atmofphere,  and  from  ftormy  fcafons,  but  this 
propenfity  to  change  may  be  in  fome  meafure  prevented 
by  previous  boiling,  it  will  then  keep  for  feveral  days, 
but  boiled  milk,  however,  fooner  paffes  into  the  putrid 
ftate. 

If  frefh  milk  be  put  into  a  moderately  warm  place,  yinour. 
and  often  (lirred,  fo  as  to  prevent  a  fpontaneous  fepara- 
tion  of  it's  parts,  it  undergoes  tlie  vinous  fermentation, 
and  on  diftillation,  a  flrong  fpirit  is  obtained  ;  this  is 
fooner  brought  aBout  by  the  addition  of  a  fermenting 
fubllance.  According  to  Stipriaan,  the  greateft  quantity 
of  fpirit  was  obtained  from  the  milk  of  the  cow  5  whilll 
Plenck  affirms,  the  mare,  from  the  greater  abundance  of 
fugar  it  affords,  ferments  the  fooneft. 
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Futrid.  There  is  no  animal  fluid,  if  the  gaftric  juice  be  pcr^ 

ha[»s  excepted,  that  undergoes  the  putrid  fermentation 
with  fo  much  dilVicuky  as  milk  :  according  to  Stipriaan, 
the  milk  of  the  c6\v  remained  four  two  months  in  the 
middle  of  fummer  without  any  figns  of  putridity;  that 
of  the  afs  three  months  before  any  ammonia  was  pro- 
duced ;  likewife  the  human  milk  wa^  kept  many  months 
without  becoming  putrid  |  hence  the  difference  of  nou- 
rifhnient  appears  to  have  no  influence  in  this  refpet?!;. 

The  next^part  of  this  fubje£l  that  is  to  be  Gonfidered, 
is  an  examination  of  the  three  parts  which  are  the  pro- 
du<B:s  of  fpontancous  feparation  in  m\)ky  viz.  cream, 
curd  and  whey. 

Cream,  Cream,     This  part  of  the  milk  which  is  the  lighted, 

and  ccnifequently  arifes  to  the  furface,  contains  a  fat  or 
oil,  which,  on  being  expofed  to  the  air^  the  mechanical 
operation  of  churning,  and  a  certain  degree  of  warmth, 
is  procured  in  a  concrete  form  called  btitter)  for  which 
vide  animal  oils. 

The  remaining  flrtid  is  whitc^  and  is  the  ferum  of  milk, 
containing  fome  erf  the  cafeous  and  butyraceous  parts; 
it  is  fwect  or  four  according  to  the  fweetnefs  'or  acidity 
of  the  cream  employed,  and  is  called  Butter-7nilk.  Ac- 
cording to  Stipriaan,  the  milk  of  the  fheep  aflbrds  the 
greatcft  qviantity  of  cream  ;  then  follow  the  human,  and 
thofe  of  the  goat  and  cow,  whilft  the  afs  and  mare  give 
the  fmallefl:  quantity^  It  appears,  however,  that  the 
cream  of  the  (heep  and  goat  is  the  thickeft  5  and  that 
from  the  milk  of  the  human  female,  of  the  afs,  and  of 
the  mare,  the  thinncfl:.  All  bodies  which  render  fat 
oils  foluble  in  waJer,  impede  the  feparation  of  butter. 
The  extremes  of  heat  and  cold  do  the  fame. 

Curd.  Curd.     This  coagidated  part  of  milk,  when  frefh,  is  a 

white  jeliv-like  i'ubftance,  fomewhat  elaftic,  but  is  of 
tnore  or  lefs  confiftence  according  as  it  contains  more  or 
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Vtsieritm;  it  breaks  readily  with  a  rough  ffa^Vure;  Is 
nearly  without  fmell  or  tafte  5  infoluble  in  water ;  be- 
comes bard  in  hot  water ;  is  readily  diffolved  by  acids, 
forming  with  the  vitriolic  and  muriatic  brown  foln- 
tions  ;  and  with  the  nitrous  acid,  a  yellow  folution  ;  but 
the  marine  acid  does  not  difliblve  it  fo  readily  as  the 
«)ther  two.  It  is  likewife  eafily  dilTolved  by  the  alkalis, 
pure  or  carbonated  ;  but  the  vegetable  has  the  leaft  effect 
upon  it.  During  it's  folution  with  the  cauftic  mineral 
alkali,  a  putrid  volatile  alkaline  fmell  arifes. 

By  diftillaticn,  it  affords  a  taflelefs  water  that  eafily 

putrifies ;  on  increafing  the  heat,  it  blifters,  fwells  like 

burnt  horn,   affords  hydrogen   and  carbonic   acid   gas, 

ammonia,  partly  fixed,   partly  fiaid,  and  a  heavy  ftink- 

ing  empyreumat*c  oil.     The  coal  is  in  great  quantity, 

and  difficult  to  incinerate.     The  afhes  contain  lime,  and 

phofphat  of  lime,  to  which  fome   chemiils  have  added 

iron.     Curd  or  cheefe,  on  expofnre  to  a  ftrong  heat, 

foftens,  melts  in  fome  meafure,  lofcs  it's  opake  white 

colour,   acquires  a  tranfparency  and  toughnefs  like  horn, 

throws  out  more  or  lefs  of  it's  butyraceous  or  oily  parts, 

and  when  cool,  become  hard  and  brittle.     In  fhort,  curd 

has  all  the  properties  of  albumen. 

Curd  is  of  various  conliftence  in  different  milks  ;  that 
of  the  milk  of  the  goat  and  cov.'  is  folid  and  elaftic ; 
of  the  afs  and  mare  lefs  folid ;  that  of  the  (lieep  only 
glutinous  ;  whilft  the  cheefy  part  of  the  human  milk  i& 
never  fqlid,  but  always  fluid,  and  it's  feparation  is  at- 
tenc?d  with  difHcultv,  and  feldom  fpontaneous. 

Curd,  when  falted  and  compreffed,  forms  common 
cheefe.  If  this  be  prepared  from  new  milk,  containing 
all  it's  cream,  the  cheefe 'is  rich  and  good;  but  if  from 
fkimmed  milk,  which  contains  but  a  little  butyraceous 
portion,  the  cheefe  is  meagre  and  bad.  In  the  making 
9f  cheefe,  fmce  the  coagulation  of  milk  is  imperfect  by 
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repofe  alone,  frorri  the  whey  ftrll  containing  too  many  of 
the  cafeous  particles;  and  as  the  time  it  takes  is  long 
and  uncertain,  the  artificial  means  of  coagulating  it  have 
been  reforted  to.  For  this  piirpofe,-  the  moid  or  dried 
fiomach  of  a  calf  is  gettefally  employed,  known  by  the 
name  of  rennet.  It  is  the  fourth  ftomach  of  the  rumi- 
nating clafs,  and  it's  power  is  owing  to  it's  gastric  juice, 
which  is  fecreted  from  the  middle  coat  of  that  organ. 
Whey.  Whey,     The  ferum  of  milk^  or  the  fluid  that  remains 

after  the  feparation  of  the  cream  and  curd,  is  of  a  ycl- 
lowifh  colour ;  has  a  fweet  agreeable  tafte ;  and  whea 
the  milk  has  undergone  no  previous  acidity,  and  prepared 
without  boiling,  poflclTes  the  odour  of  milk.  It  is  aT- 
w^ays  turbid,  and  is  heft  clarified  by  the  white  of  egg. 
.^wect  ^^  ^^  cdWcdi  (west  whey.    It  is  fometimes  ufcd  in  medicine, 

and  is  prepared  by  adding  half  a  drachm  of  pulverized 
cream  of  tartar,  or  a  few  tea  fpoonfuUs  of  lemon-juice 
to  a  pint  of  milk,  brought  to  the  boiling  point,  and 
this  is  continued  until  all  the  cafeous  particles  are  fepa- 
rr^.tcd,  it  ts  then  to  be  clarified  by  the  white  of  egg,  or 
deprived  of  it^s  fuperabunclarit  acid  by  a  little  calcareous 
earth. 

By  didillation  of  this  whey  on  the  water-bath,  the 
fame  water  is  obtained  as  from  new  milk,  and  there  re- 
mains a  mafs,  which,  when  freed  from  it's  checfy,  and 
other  adhering  parts,  fhoots  into  white  rhomboidal  cryf-^ 
tals,  terniecl  fuoar  of  milk. 
Sour.  ^^j  ^^  the  contrary,  the  milk  has  been  previoufly  four 

before  coagulation,  the  liquor  that  remains  is  called 
f:7ir  whey.  Sweet  whey,  likewife  by  reft,  will  undergo 
the  acetous  fermentation  ;  aiid  we  are  informed,  by 
Jacquin,  that  by  the  addition  of  a  fmall  portion  of  fpirit 
of  wine,  and  fubfequent  fermentation,  a  true  vinegar 
,  cf  milk  may  be  prepared.  This  acidity  of  milk  is  at- 
tributed by   chemifls  to  the   faccharine  part,   for  they 
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find  that  the  fooner  the  whey  is  become  four  by  fponta- 
neous  fermentation^  the  fmaller  is  the  quantity  of  fugar 
that  is  leftj  vide  LaSfic  acid, 

"The  fugar  of  milk  is  of  an  opake  white  colour,  has  an  Sugar  of 
infipid  fvveetnefs  and  fomewhat  earthy  flavour.  It  is 
perfe(9:ly  foluble  in  four  parts  of  boiling  water.  When  » 
diftilled  by  a  ftrong  heat,  it  exhibits  the  fame  appearances 
as  conmion  fugar.  Roiielle  extracted  from  one  pound  of 
this  fait  when  calcined,  from  twenty-four  to  thirty  grains 
of  afhes;  three-fourths  of  which  were  muriatofpotafh,  and 
the  other  fourth  carbonat  of  potaih.  Placed  on  a  lighted 
coal  the  fugar  of  milk  melts,  fwells,  exhales  an  odour  of 
fugar  candy,  and  burns  like  common  fugar.  Thefe  pro- 
perties induced  chemifts  to  fufped  that,  like  fugar,  it 
would  afford  the  oxalic  acid  by  means  of  nitric  acid, 
which  Scheele  confirmed  by  experiment;  butit  required 
a  great  deal  of  nitric  acid  to  obtain  it.  He  procured  five 
drachms  of  oxalic  acid  from  four  ounces  of  fugar  of  milk, 
and  he  obferved,  on  diluting  with  water  the  refiduum  of 
the  fugar  of  milk  treated  in  this  manner,  and  on  filtering 
it,  in  order  to  evaporate  and  cryftallize  the  oxalic  acid, 
that  a  white  powder  remained  on  the  filter  which  had 
rendered  the  folution  turbid ;  and  on  examining  this 
acid,  he  found  it  to  be  a  peculiar  acid,  ihzfacchola^ic 
acid,   for  which  vide  Acids. 

Milk,  therefore,  from  the  above  analyfis,  confifls  of  the 
following  proximate  component  parts  :  a  fat  oil,  an  al- 
buminous fubftance,  an  elTential  fait  and  water.  Some 
chemifls,  and  particularly  Macquer  and  Morveau,  have 
looked  upon  it  as  a  real  animal  emulfion,  in  which  the  oil 
is  put  into  a  faponaceous  ftate  by  the  intervention  of  the 
mucous  or  cafeous  part  and  faline  principles ;  but  the 
aieceflity  of  oxygen  in  the  feparation  of  the  butter  and 
albumen,  and  the  other  phyfical  properties  it  poircire&» 
are,  perhaps,  fufficient  proofs  of  milk  not  being  an  emul- 
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fion.  T<  appears,  however,  that  milk  may  in  fome  mea- 
fure  be  compared  to  the  juices  of  exprelTed  fruits;  it  is 
opake,  mild,  faccharine,  nutritive,  and  contains  an  cf- 
fential  fait.  Like  them,  a  decompofition  readily  takes 
place,  which  gives  rife  to  produfts  analogous  to  thofe  of 
wine,  /.  e.  an  ardent  fpirit  and  vinegar.  It  was  alfo  ob- 
ferved  by  Parmcntierand  Deycux,  that  the  thickcft  milk 
required  the  longeft  time  for  the  fermentative  procefs  to 
take  place;  that  it  furnifhed  the  greateft  quantity  of  ar- 
dent fpirit,  and  that  this  fpirit  was  not  evident  on  diftilla- 
tion  before  the  milk  has  pafTed  to  the  acetous  flate,  which 
erfually  happens  to  cyder,  perry.  Sec.  It  is  to  facilitate 
the  fermentefcible  parts  becoming  acid  that  the  Ruffian 
Tartars  add  a  certain  quantity  of  oatmeal  to  their  mares 
milk,  and  that  they  take  care  not  to  diftil  it  until  the 
mixture  is  ftrongly  four,  for  by  this  means  they  obtain 
more  fpirit.  Milk  likewife  unites  a  number  of  proper- 
ties analogous  to  the  lymphatic  and  albuminous  mat- 
ter ;  hence  it  is  emptoyed  with  advantage  to  clarify  wines,, 
and  particularly  ratrfiats,  to  which  it  communicates  that 
marrowy  favour  not  to  be  procured  by  any  other  means; 
for  this  purpofe,  however,  it  muft  be  frefh,  otherwife  it 
dees  harm.  It  is  therefore  from  it's  undergoing  the  vi- 
nous and  acetous  fermentations,  as  well  as  the  difficulty 
of  becoming  putrid,  that  milk  approaches  to  the  nature 
of  the  vegetable  kingdom  ;  and  from  it's  containing  a 
quantity  of  albumen  in  the  cafeous  matter,  that  it  refem- 
Lles  the  anim.al  kingdom. 

The  remote  component  parts  of  milk  are  therefore 
oxygen,  hydrogen,  carbon,  azot,  foda,  phofphorus  and 
lime,  to  which  fome  chemills  have  added  iron. 

^  HISTORY   OF   MILK. 

It  would  be  in  vain  to  attempt  to  give  any  fatisfa^torv 
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account  of  the  firft  knowledge  of  the  component  parts  of 
milk,  and  it's  fpontaneous  changes*  Milk  was  undoubt- 
edly made  nfe  of  as  an  aliment,  by  the  earliefl  inhabitants  • 
of  antiquity  ;  for  hiftory  informs  us,  that  the  riches  of 
Abraham  and  Ifaac  confifted  for  the  moft  part  in  their 
herds.  It  is  likewife  very  evident,  that  cream,  from  it's  Cream. 
fo  foon  appearing  on  the  furface,  muft  .  have  been  very 
early  obferved,  and.  from  it*s  delicious  flavour,  muft,  no 
doubt,  have  been  efteemed  a  great  dainty  ;  but  there  is 
l-eafon  to  believe  that  butter,  v^hich  forms  fo  leading  a  Butter j 
feature  in  this  fluid,  was  a  much  later  difcovery.  It  is 
true,  that  the  tranflators  of  the  bible  have  made  ufe  of 
this  word,  but  the  beft  critics  are  of  opinion,  that  the 
word  ca7nea  fignifieg  milk  or  cream,  or  four  thick  milk, 
and  not  butter,  as  it  alludes  to  fomething  liquid.  "When 
I  waflied  my  fteps  with  butter,  and  the  rock  poured  me 
out  rivers  of  oil.''  Job.  ch.  29.  v.  6.  "  tie  (hall  not  fee 
the  rivers,  the  floods,  the  brooks  of  honey  and  butter." 
Ibid.  ch.  20.  V.  17.  It  is  likewife  the  opinion  of  the 
learned  Michaelis,  that  the  tranflators  of  the  bible  who 
lived  two  hundred  years  after  Hippocrates,  and  refided  in 
Egypt,  and  who  have  tranflated  the  word  by  Butyron^ 
meant  cream.  The  oldefl;  mention  of  butter,  according 
to  profeflbr  Beckmann,  though  very  obfcure,  is  by 
Herodotus,  in  his  account  af  the  Scythians,  ^*  Thefe 
people,"  fays  he,  '^  pour  the  milk  of  their  mares  into 
wooden  veflels,  caufe  it  to  be  violently  ftirred  or  fliaken 
by  the  blind  flaves,  and  fcparate  the  part  that  arifes  to 
the  furface,  as  they  confider  it  more  valuable  and  deli- 
cious than  that  which  is  below  it."  Hippocrates,  who 
was  nearly  the  contemporary  of  Herodotus,  mentions  the 
fame,  but  in  a  much  clearer  manner. 

*^  The  Scythians  pour  the  milk  of  their  mares  into 
wooden  veflels,  and  fliake  it  violently  ;  this  caufes  it  to 
foam,  and  the  fat  part  which  is  light  rifing  to  the  fur- 
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face,  becomes  what  is  called  butter  ;  the  heavy  and  thick 
part  which  is  below,  being  kneaded,  and  properly  pre- 
pared, is  after  being  dried  called  hippace.  The  whey  oi*" 
ferum  remains  in  the  middle."  This  pafTage,  it  would 
feera,  denotes  very  clearly  butter,  cheefe,  and  whey. 
-Hippocrates  prefcribed  it  as  a  medicine  under  the  name 
of  pikerion,  which  becoming  obfolete  is  tranflated  by 
Galen,  butyron.  The  word  does  oot  occur  in  Ariftotle. 
In  Diofcorides,  we  are  informed  that  frefh  butter  might 
be  melted  and  poured  over  pulfe  and  vegetables  inftead  of 
oil,  and  employed  in  pallry  inftead  of  other  fat  fubftances. 
Galen  remarks,  that  cows  milk  produces  the  fatteft  but- 
ter y  that  of  the  goat  or  fheep  is  lefs  rich,  and  that  of  the 
afs  yields  the  pooreft.  Hence  butter. muft  have  been  very 
little  ufed  or  known  by  the  Greeks  or  Romans  in  the 
time  of  Galen,  /.  e.  at  the  end  of  the  fecond  century. 
According  to  Galen  and  Pliny,  the  word  ^yrv^o?  or  ^arv^op 
,  is  compofed  of  /St??  an  ox  and  rv^oq  cheefe ;  cheefe  was 
known  to  them  much  earlier,  and  perhaps  they  may 
have  looked  at  firft  upon  butter  as  a  kind  of  cheefe,  as 
rv^oq  once  fignified,  according^  to  Bechmann,  any  coagu- 
lated fubftance.  The  Greeks  ufed  the  milk  of  fheep  and 
goats  much  earlier  than  cows  milk.  From  what  has 
been  faid,  as  well  as  from  other  documents,  it  appears, 
that  butter  is  neither  a  Grecian  nor  a  Roman  difcovery^ 
but  that  the  Greeks  were  made  acquainted  with  it  by  the 
Scythians,  the  Thracians,  and  the  Phrygians;  and  that 
the  Romans  firft  learned  it  from  the  people  of  Germany. 
It  is  alfo  pretty  certain,  that  when  they  had  been  taught 
the  art  of  making  it,  it  was  only  employed  in  their  baths, 
.  and  particularly  in  medicine ;  and  it  may  be  obferved, 
that  Columella  is  the  firft  Latin  author  who  ufes  the  word 
kutyrum.  The  Romans  ufed  it  in  general  to  anoint  the 
bodies  of  their  children,  and  the  ancient  Burgundians 
befmeared  theii  hair  with  it.     Neither  the  Greeks  nor  the 
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Romans  ufed  it  in  cookery,  or  the  preparation  of  food ; 
they  accuftomed  themfelves  merely  to  oil,  and  even  at 
prefent,  it  is  rarely  employed  in  Italy,  Spain,  Portugal, 
and  the  fouthern  parts  of  France,  where  it  is  fold  in  the 
apothecaries  fhops  for  medicinal  purpofcs.  We  may 
therefore  conclude,  that  the  ancients  were  unacquainted 
with  the  method  of  kneading,  wafhing,  and  falting.  but- 
ter, in  order  to  render  it  as  firm  as  it  is  now  a  days.  It 
was  always  in  an  oily  ftate  and  fluid,  they  always  fpeak 
of  fomething  liquid ;  thus  the  ancients  poured  it  out  like 
oil,  and  their  elephants  drank  it ;  but  the  moderns  cut, 
knead  and  fpread  it. 

With  refpeA  to  cheefe  and  whey,  we  are  informed,  Cheef«^and 
that  cheefe  was  prepared  even  from  the  moft  ancient  ^^^^y* 
times  in  Syria,  Paleftine,  and  Egypt,  from  the  milks  of 
the  cow,  the  camel,  the  goat  and  the  fheep  ;  and  that  it 
was  a  food  particularly  delightful  to  the  Scythians,  and 
the  Greeks  ;  and  not  only  Hippocrates,  as  before  men- 
tioned, but  maay  of  the  ancients  clearly  defcribe  the 
ferofity  of  miljc  or  vvhey  ;  amongft  which  are  Columella 
and  Diofcorides  ;  they  defcribe  the  method  of  feparating 
it  by  agitation,  by  coition,  or  by  mixing  with  the  milk 
vinegar,  or  the  branches  of  the  fig  tree  ;  and  they  like- 
wife  give  fome  account  of  what  they  called  oxigala^  which 
is  a  preparation  formed  by  the  addition  of  fome  fait  or 
more  fimply  by  the  mixture  of  four  with  frefli  milk.  In 
the  time,  however,  of  Pliny,  it  appears,  that  fome  of  the 
■barbarous  nations  living  on  milk  were  either  ignorant  of 
the  benefit  of  cheefe,  or  if  it  was  known  to  them,  they 
difregardcd  it.  Pliny  feems  to  have  looked  upon  this 
with  afi:oni{liment,  for  at  the  fame  time,  they  were  ac- 
cufl;omed  to  thicken  their  milk  into  a  fort  of  pleafant  four 
curd  like  a  fyllabub,  and  as  he  exprefies  himfelf,  to  churn 
butter  from  it,  which  is  the  fcum  and  cream  of  milk, 
5ind  much   thicker  in  confifi:ence  than  the  whey.     We 
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are  informed  by  this  celebrated  Roman  author  and  natu^ 
ral  hiftorian,  that  the  milk  which  is  aflTordcd  by  thofe 
animals  that  have  teeth  in  both  jaws  is  not  fit  to  make 
chcefe,  becaufe  it  will  not  curdle.  This  has  been  certi- 
fied  by  the  beft  chemifts  of  modern  days  with  refpc^l  to 
that  of  the  human  female,  which  is  in  general  found  in- 
capable of  coagulation,  although  it  has  been  denied  by 
others.  Pliny  likewife  informs  us  that  the  milk  of  the 
cow  affords  more  cheefe  than  that  of  the  goat,  being 
nearly  twice  as  much;  and  that  at  Rome,  the  beft 
cheefes  came  from  the  provinces  of  Nemaufium,  and 
from  the  villages  of  Lsefo  and  Baux,  but  that  it  was  ne^ 
cefTary  to  eat  them  green.  Excellent  cheefe  was  likewife 
made  in  Dalmatia,  Drinaldi,  and  Vatufium,  in  the  pro- 
vince of  Ceutonia,  and  in  the  Sseditian  territory.  In  his 
days,  the  beft  foreign  cheefe  came  from  Bithynia,  whilft 
that  fent  from  France  had  a  phyficky  tafte  and  a  kind  of 
aromatic  favour.  With  refpe6l  to  any  other  knowledge 
the  ancients  had  of  the  other  component  parts  of  this 
fluid,  it  was  perhaps  only  a  fuperficial  acquaintance  with 
the  faccharine  part,  and  limited  to  the  organs  of  tafte. 
State  of  The  analyfis  of  milk  feems  to  have  been  but  very  im- 

miiic/n°he  perfe<^ly  undcrftood  towards  the  middle  of  the  laft  cen- 
miridie  of    turv.  Swammerdam  and  Leuwenhoeck  had  examined  it's 

the  laft  ■' 

century.  globules  by  the  microfcope ;  it  was  known  that  warmth 
affifted  in  it's  coagulation,  and  that  in  tempeftuous  wea- 
ther it  became  four  much  fooner  than  in  caln^  feafons  ; 
that  this  took  place  more  readily  in  ruminating  than  non- 
ruminating  animals,  and  that  the  milk  of  the  carnivorous 
clafs,  when  fed  entirely  on  flefh,  \vas  not  coagulated  at 
all.  Romberg,  Boerhaave,  du  Hamel,  Rutty,  Navier, 
Egeling,  Geymuller,  and  Wulliamoz,  had  made  fome 
obfervations  and  a  few  experiments  upon  it ;  it's  coagu- 
lation by  acids,  by  alcohol,  by  alum,  was  known  ;  the 
fpecific  gravity  of  the  different  milks  had  been  examined. 
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th-e  quantities  of  the  crcaip,  butter,  and  checfe  they  con- 
tained,  in  fome  meafure  afcertained  ;  it  had  been  fub- 
je6led  to  the  power  of  caloric,  and  from  it,  on  dillillation, 
we   are  informed,  much  water  was  obtained  ;  this  was 
rather  empyreumatic,    an  acid   fpirit  afterwards,   a  fetid 
oil,  and  a  fplendid  friable  coal  remained  at  lail,   in- which 
was  a  fixed  fait.     Eutter  and  checfe  had  likewife  under- 
gone  a  flight  examination  ;  an  acid  water  with  the  buty- 
raceous  odour,  a  thick  fluid  oil,  and  another  kind  that 
was  tenacious  and  red,  were  faid  to  have  been  produced 
from   the  firft,    and  on   the  incineration   of   the   coal, 
a  fixed  alkali  was  obtained  which  was  fitppofed  to  be 
the  vegetable;  the  fecond,  or  cafeous  part,  was  faid  to 
be    of    a  mucilaginous  nature,    that  it  gives  an  acid 
phlegm,    a  bluifli    oil,   fomewhat  empyreumatiq,   then 
thick,   black,   and   fo  weighty  as  to  fink  in  water,  and 
that  the  coal  is  afterward  difficult  of  incineration.     It 
was  thought  that  the  cafeous  part  was  the  moft  powerful- 
ly nourifliing  of  the  milk  ;  that  the  oily  or  butyraceoui 
part  had  a  laxative  property,  and  that  the  aqueous  pact 
was  of  a  refrigeratino;  nature  ;  with  rcfpe<St  to  the  feruni 
of  milk,  or  it's  whey,  it  had  been  long  known  that  it 
contained  a  faccharine  part,  which  was  faid  to  be  of  an 
animal  nature.     This  had  been  firfit  mentioned  by  Fa- 
bricius  Bartolcttus,  and  afterward  defcribed  by  Lewisjefti, 
though  the  Brachmans  had  been  before  accuftomed  to 
procure  it  from  milk,   as   well   as   other  fweet  juices. 
Navier  had  extracted  it  from  the  human  milk,    and 
Hoffmann  from  that  of  the  afs. 

Very  foon  after  this  period,  more  numerous  experi- 
ments were  made  to  procure  a  more  exa6l  analyfis  of 
milk  ;  it's  phyfical  properties  were  better  defined,  and  the 
a-3:ion  of  reagents  on  diflferent  fpecics  of  it,  were  more 
fucceefsfully  inveiligated  by  Gcotfroy,  Eergius,  Vol- 
telen,    Spiehnann,     Seheelc,    &c.    a   few    of    which. 
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it  will  be  neccflfary  to  mention,  without  going  into  any 
extcnfive  detail.   With  refpe^l  to  the  quantities  of  cream, 
checfe,   whey,   and   the   butyraceous  parts    of  different 
milks,  Spielmann  has  examined  thofe  of  the  human,  the 
Spielmaim.  goat,  the  (heep,  and  the  cow ;  he  informs  us,  that  two 
pounds  of  the  firft  contained  one  ounce  and  a  half  of 
cream,  which   afforded  fix  drachms   of  butter,  half  an 
ounce  of  a  tender  cheefe,  and  ten  drachms  of  a  fixed 
matter  which  remained  after  infpiffation  of  the  whey ; 
the  reft  was  water.    From  the  fame  quantity  of  the  milk 
of  the  goat,   he  obtained  one  ounce  of  cream,  three 
drachms  of  butter,  three  ounces  and  three  drachms  of 
cheefe,  and  fix  drachms  of  a  fixed  matter  ;  hence  it  eon- 
tained  more  cheefe,   and  lefs  water  and   oil  than  the 
human.     The  fame  quantity  of  flieep's  milk  afforded 
him  two  ounces  of  cream,  fourteen  drachms  of  foft  but- 
ter, four  ounces  of  cheefe,  and  ten  drachms  of  fixed 
matter;  hence  he  found  it  to  be  fatter  and  more  cafeous 
than  the  human,  but  not  fo  thin.     From  the  fame  quan- 
tity of  cows  milk   he  procured   three  ounces  and  half 
of  cream,  fix  drachms  of  hardidi  butter,  three  ounces 
of  cheefe,  eleven  draehitis  of  fixed   matter  ;  hence   i^ 
exceeded  the  human  by  far,,  both  in  butter  and  cheefe. 
He  found  the  milk  of  the  afs  to  be  the  heaviefi:,  and  that 
of  the  goat  the  lightcft. 

According  to  Voltelen*s  experiments,  thirty  ounces 
V'oiteien,  of  human  milk  afforded  him  only  two  drachms  of  cream. 
The  fame  quantity  of  affes  milk  gave  him  only  three 
drachms  of  cream,  but  no  butter,  three  drachms  of  tender 
cheefe,  an  ounce  and  half  of  a  fixed  rnatter  on  infpiffation  ; 
and  he  found  it  contained  more  fixed  part  and  water, 
and  to  be  lefs  rich  in  butter  and  chefe  than  the  human 
milk.  Two  pounds  of  mare's  milk  afibrded  three  drachms 
of  cream,  no  butter,  feventecn  drachms  of  cheefe,  an4 
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nine  of  fixed  matter ;  which  is,  therefore,  richer  in  the 
lail  matter,  but  contains  lefs  oil  and  water  than  the  hu- 
man milk. 

With  refpe(9:  to  the  fpontaneous  acidity  of  milk,  that 
of  the  human,  which  is  faid  to  afford  more  cream  in  a 
fhorter  time  than  any  other,  is  not  fubje^l  to  this  fer- 
mentation, if  the  perfon  has  been  accuftomed  to  flefli 
diet ;  for,  according  to  Bergius,  fome  of  it,  after  having;  Bergiuj, 
been  placed  in  a  heated  oven  for  many  weeks,  and  being 
covered  with  a  very  thick  cream,  had  contra6i:ed  not  the 
flightell  acidity.  On  the  contrary,  we  are  informed, 
that  when  the  perfon  fed  only  on  a  vegetable  diet,  it  coa- 
gulated on  the  eighth  day,  whilft  that  of  the  cow  becomes 
acid  in  three  days  and  a  half. 

With  refpe6l  to  the  coagulation  of.  milk  by  acids,  ac-  -^c'^^** 
cording  to  Voltelcn,  the  three  mineral  acids,  as  well  as 
aqua  regia  and  vinegar,  foon  coagulate  (beep's  milk  in 
the  cold ;  but  cream  of  tartar  coagulates  it  more  llow- 
ly.  He  found  that  afles  milk  is  coagulated  by  vinegar, 
cream  of  tartar,  fpirit  of  fulphur,  aqua  regia,  nitrous 
and  vitriolic  acids,  in  the  cold;  and  that  rennet  from 
the  calf,  and  fmoking  muriatic  acid,  required  the  affiftr 
ance  of  heat :  that  human  milk  was  neither  coagulated 
^t  it's  natural  temperature,  nor  in  the  cold,  by  lemon 
juice,  cream  of  tartar,  rennet,  fpirit  of  vitriol,  nor  by 
the  three  ftrong  mineral  acids  3  on  the  contrary,  in  a 
boiling  heat,  a  yellow  porous  coagulum  was  fgparated 
from  it  by  the  nitrons  acid,  and  a  thick  white  one  by 
the  muriatic  ;  the  firft  of  which,  on  digeftion  with 
nitrous  acid,  became  of  a  bluifh  and  bluifh-grey  colour  } 
the  other  remained  unchanged  ;  whilft,  according  to 
Bergius,  it  became  coagulable  by  vinegar,  after  the  per- 
fon had  lived  on  vegetable  diet,  which  muft  be  conti- 
nued at  i^^ft  eight  days.     According  to  Scheele,  th^ 
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vegetable  acids  produce  more  chcefe  from  cow's  milk 
than  the  mineral. 

Scopoli  obtained  from  one  ounce  of  cow's  milk,  coa- 
gulated by  vitriolic  acid,  feventy  grains  of  reddifli  coagu- 
lum,  and  on  filtration,  a  perfe<9:ly  tranfparent  whey  5 
with  muriatic  acid,  51  grains  of  the  firil,  and  the  whey 
not  quite  fo  tranfparent ;  with  nitrous  acid,  46  grains 
of  yellow  coagulum  and  turbid  whey;  with  acid  of  ar- 
fenic,  61  grains  of  whitifli  coagulu'm,  and  the  whey 
evidently  tranfparent ;  with  fluor  acid,  40  grains  of  the 
fame,  and  a  fimilar  whey,  which,  however,  depofited 
a  yellow  coagulum  ;  with  phofphoric  acid,  40  grains  of 
white  coagulum,  and  fome  clear  whey,  from  which  a 
little  more  coagulum  fell  to  the  bottom  ;  with  acid  of 
fugar,  43  grains  of  whitifli  coagulum  and  turbid  whey, 
which  flill  depofited  fome  coagulum  ;  with  acid  of  tartar^ 
48  grains  of  the  fame,  without  fediment ;  with  animal 
acid,  25  grains  of  the  fame,  which  on  repofe  depofited 
more  ;  with  the  acid  of  wood,  28  grains  of  whitifh  co- 
agulum, and  turbid  whey  5  with  vinegar  36  grains  of 
reddifli  coagulum,  and  clear  whey,  with  fome  little  co- 
agulated dcpofit ;  and  laflly,  with  lemon  acid,  40  grains 
of  yellowifli  coagulum  and  turbid  whey,  from  which 
fome  more  coagulum  feparated. 

With  refpeA  to  alkalis,  we  are  informed  by  Egeling, 
Atiaiis-,      that  cow's  milk  is  coagulated  either  by  fixed  or  volatile 
alkalis. 

Scopoli  obtained  from  one  ounce  of  cow's  milk  mixed 
with  mild  vegetable  alkali,  forty-eight  grains  of  white 
coagulum  and  turbid  whey  ;  with  cauflic  volatile  alkali, 
forty-fix  grains  of  yellowifh  coagulum  and  turbid  milk, 
which,  after  filtration,  feparated  more  coagulum  5  and 
with  mild  volatile  alkali  twenty-four  grains  of  white  co- 
agulum and  turbid  whey.  According  to  Morgagni, 
lime  water  does  r.ot  coagulate  cow's  milk.     According 
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to  Voltclen,  ftieep's  milk  is  not  coagulated  by  cauftic  vo- 
latile alkali  5  by  cauftic  fixed  alkalis  and  lixi\ium  fan- 
'gitinis  only  by  heat;  but  by  common^  fixed,  and  volatile 
alkalis,  light  flocks  are  produced  in  it ;  and  by  a  boiling 
heat^iarger  flocks.  Mixed  with  lime  water,  both  in  heat 
and  cold,  it  remains  unchanged.  From  alTes  milk,  cauf- 
tic volatile  alkaline  fpirit,  produced  only  extremely  fmall 
flocks  j  the  common  volatile  alkali  in  the  cold,  fomewhat 
larger;  foap  lees  had  a  lefs  effe6l ;  lixivium  fanguinis, 
and  much  fooner  common  alkali,  aiTorded  thick  lumps 
of  coagulum  ;  lime-water  had  no  a£lion  upon  it,  but 
by  no  means  prevented  it's  coagulation  by  acids  and 
rennet. 

According  to  Berglus,  the  human  milk  uas  neither 
changed  in  it's  natural  temperament,  nor  at  a  boiling 
heat  by  fpirits  of  hartfliorn,  volatile  alkali,  nor  by  fpirit 
of  fal  ammoniac;  nor  by  oil  of  tartar,  or  fixed  alkali, 
either  in  it's  common  temperature  or  in  the  cold ;  mixed, 
however,  with  it  at  a  boiling  heat,  and  digefted,  they 
changed  it's  colour  to  a  yellowifh  green,  which  gave  im- 
mediate rife  to  a  thick  pellicle,  and  an  odour  of  fweet 
cheefe.  Nor  was  this  milk  changed  by  foap  lees  in  the 
warmth,  from  Voltelen's  experiment ;  but  lixiv.  fang, 
although' it  did  not  coagulate  in  the  cold,  yet  by  a  boil- 
ing heat  produced  a  llrong  coagulation,  with  an  evident 
change  of  colour.  By  the  fame  heat  it  was  coagulated 
by  lime  water.  We  likewife  are  informed  by  Voltelen, 
that  the  human  milk,  the  ftieep's,  and  the  alTes  milk, 
and  the  cows  milk,  according  to  Hoerhaave,  on  being 
boiled  with  fixed  alkalis,  become  by  degrees  more  yellow, 
afterwards  reddifii,  and  at  laft  blood-coloured,  brown 
red,  and  dark  red.  After  fome  time  fmall  flocks  are  fe- 
parated  from  this  red  fluid,  which  is  covered  with  cream, 
and  this  takes  place  immedi^^tely  if  vitriolic  acid  be 
added.     The  human  milk,  when  boiled  with  lixiv.  fang. 
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depofits  a  cafeous  matter  in  forty-eight  hours,  whilft  a 
yellowiih  red  tough  pellicle  is  formed  on  it's  furface,  and 
the  fluid  itfclf  is  darkifh.  According  to  Silvius's  c(Jn- 
jeclure,  it  was  by  fuch  means  that  the  converlion  of 
chyle  into  blood  was  brought  about. 

According  to  Voltelen,  the  human^  cows,  iheep's,  and 

^eutrai.  aflcs  milk,  neither  in  the  cold  nor  by  heat,  are  afted 
upon  by  folutions  of  faline  neutral  falts,  fuch  As  vi- 
triolated  tartar,  nitre,  common  fait,  fal  ammon.  fpi- 
riuis.  Minder,  nor  by  borax.  It,  however,  appears, 
that  fal  ammon.  promotes  the  feparation  of  the  cream 
and  whev  in  the  milk  of  the  fheep,  and  that  common 
fait  coagulates  milk,  although  Gourraigne  affirms,  that 
it  prevents  the  coagulation  of  it  by  acids.  With  re- 
fpe£t  to  the  earthy  neutral  falts,  bitter  fait  has  no  effect 
upon  milk.  According  to  Voltelen,  alum  has  no  effect 
on  human  milk,  either  in  the  cold,  or  with  the  aflift- 
ance  of  heat ;  but  decompofes  that  of  the  afs  and  the 
fheep  when  boiled  v^^ith  it. 

M«5«aiiic  fo-  The  fame  chemift  informs  us,  that  moft  of-  the  metal- 
lic folutions  decompofe  the  different  forts  of  milk,  in  a 
longer  or  iliorter  (pace  of  time  :  that  folutions  of  iroji  and 
it's  vitriol  a6t  upon  them  in  the  cold  :  that  fugar  of 
lead,  which  decompofes  aifes  and  iheep's  milk  immedi- 
ately in  the  cold,  appears  only  to  haften  the  feparation 
of  the  cream  in  the  human  milk  ;  that  the  vitriolic  and 
nitrous  folutions  of  quickfilver  produce  a  quick  coagu- 
lation and  a  red  colour.  The  folution  of  corrofive  fub- 
limate  coagulat'.'S  them  in  the  warmth.  The  acid  folu- 
tion of  copper,  decompofes  afles  and  flieep's  milk,  but 
only  colours  human  milk,  and  the  volatile  alkaline  folu- 
tion of  copper  has  no  effc6l  in  coagulating  milk  of  any 
fpecies.  A  folution  offilvcr  coagulates  milk,  and  colours 
the  whey,  firft  of  a  rof?»colour,  then  of  a  purple  red, 
We  are  informed  by  Navier,  that  arfenic  appears  to  pre-^ 
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vent  the  coagulation  of  milk.  Voltelen  likewlfe  informfi 
us,  that  afles  milk  was  not  coagulated  by  the  mercurius 
gummofus  of  Plenck,  in  the  cold,  but  was  very  ftrongly 
fo  by  the  afliftance  of  heat ;  this,  however,  is  fuppofcd 
to  have  arifen  from  the  gum,  which,  according  to  Scheelc, 
as  well  as  the  albumen  of  the  i^g^  and  fugar,  coagulates 
milk. 

According  to  Leonhardi,  the  human  milk  mixed  with  Alcohol. 
alcohol,  at  firft  did  not  coagulate,  but  begart  in  about 
twenty-four  hours^  by  the  means  of  heat.  The  alcohol 
had  no  effe6l  on  the  milk,  when  fedative  fait  or  camphor 
was  diflblved  in  it ;  on  the-eontrary,  the  alcohol  coagu- 
lated afles  milk  a  little  in  the  cold,  and  (beep's  milk  vtTy 
ftrongly.  With  fpiritus  camphori,  both  the  kinds  of 
milk  undergo  no  change ;  camphor  even  appeared  to  pre- 
vent theic  coagulation. 

Scopoli  obtained  by  alcohol,  twenty-five  grains  of 
white  coagulum,  and  the  filtrated  whey  was  afterwards 
milk  white. 

The  aftringent  vegetables  decompofe  in  the  cold,  the 
human  milk,  and  thofe  of  the  cow,  the  afs,  and  fheep. 
According  to  Scheele,  the  fame  effe^l  takes  place  with  the 
Peruvian  bark.  According  to  Bergius,  human  milk  is 
neither  coagulated  by  faliva,  nor  bile,  nor  by  the  white 
of  eggs. 

With  refpe6t  to  the  bed  methods  of  coagulating  milk,  Coaguiition 
fo  as  to  procure  the  whey  as  pure  as  poflible,  we  are  in-  ^  °^'  * 
formed  by  Frederick  Hoffmann,  that  four  whey,  (ferum 
la^tis  acidulum)  is  procured  by  adding  one  drachm  of 
cream  of  tartar,  or  one  or  two  tea-fpoonfuls  of  lemon 
juice  to  one  pound  of  boiling  milk,  and  to  keep  it  boil- 
ing afterwards  until  the  cafeous  part  is  perfectly  feparated. 
It  is  then  to  be  clarified  with  the  white  of  eggs,  filtiated, 
and  edulcorated  by  the  powder  of  crabs-eyes.  5     '    >. 

Vinous  milk  (ferum  la^tis  vinofum)  is  prepared  by 
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adding  four  or  fix  ounces  of  good  four  white  wine  to  a 
meafure  of  boiling  milk,  and  after  coagulation  filtr2tting 
the  liquor. 

Another  kind  of  whey,  called  doppeJ?nolken  by  the  Ger^ 
mans,  (feruni  la<5lis  duplicalum)  is  obtained  by  equal 
parts  of  fredi  niilk  and  butter  milk,  being  mixed  toge- 
ther when  warm. 

According  to  Pcerner,  it  is  much  better  for  the  cheefe 
and  the  whey,  to  coagulate  milk  by  rennet |  by  this  means 
he  obtained   the  bed   and  fweeteft  whey,    and    it  af-- 
forded  a  greater  quantity  in  general,  than  when  cream  of 
tartar  or  lemon  juice  was  ufed.     If  either  of  the  laft  fub- 
ftances  be  employed,  it  is  neceflary  to  add  crabs  eyes,  or 
afimilar  fubftance,  to  the  four  whey  obtained,to  edul- 
corate it,  which  give  it  an  unpleafant  earthy  tafie,     Be- 
fides,  fome  part  is  diffolved  by  the  acid  which  remains 
after  filtration.     Posrner,  therefore,  gives  the  preference 
to  rennet,  which  may  be  prepared  in  different  manners, 
of  which  he  mentions  two.     The  flomach  of  a  fucking 
calf  being  blown  up  whilft  the  coagulated  milk  remain* 
in  it,  it  is  gradually  dried  ;  the  two  ends  are  then  to  be 
Cut  off,  the  coagulated  milk,  whicli  is  nearly  dried,  mufl 
be  thrown  away,    and  only  the  ftomach  employed,  of 
which  a  piece  about  a  finger's  length  is  to  be  cutoff  when 
required,  put  into  a  glafs,  and  three  or  four  fpoonfuls  of 
fredi  water  added  to  it,  in  which  it  is  to  remain  from  fix- 
teen  to  twenty-four  hours.     A  fpoonful  of  this  is  then 
to  be  taken,   and  mixed  with  a  kanne  of  the  fkimmed 
milk  to  be  coagulated  ;  it  is   then  placed  on  a  moderate 
fire,  fo  as  to  be  made  warm  until  it  is  coagulated,  which 
takes  place  in  a  quarter,  or  at  farthefl  half  an  hour.   It  \s 
then  to  be  filtrated,  and  the  whey  is  verv  pleafant  and  not 
acid.     The  other  method  is  to  take  the  frefli  flomach  of 
a  fucking  calf,  cleanfe  it,  put  the   coagulated  milk  iji 
again,  add  a  little  common  fait,  and  fill  the  ftomach  half 
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full  of  milk.    Having  tied  the  two  ends,  it  Is  to  be  placed 
in  a  bafin  and  more  milk  added  to  it,  a  little  more  fait 
added,  and  to  be  left  to  repofe  a  couple  of  days  in  a  mo- 
derately warm  place;  which,  according  to  Leonhardi, 
ought  lobe  from   70°  to  100°  of  Fahrenheit.     Of  the 
milk  which  has  now  become  coaoulated  in  the  bafin,  a 
fj)oonful  is  to  be  taken   and  ufed  as  before  mentioned. 
When  this  is  confumed,   the  ftomach  is  to  be  opened  to 
let  a  little  run  out,  tied  again,  and  the   bafin  filled  as 
before  with  milk,  and  covered.   By  this  means  a  ftomach 
will  laft  nearly  a  year  ;  care  muft,  however,  be  taken  that 
it  become  not  putrid. Hence  it  appears,  that  Poerner,  as 
well  as  Macquer,  was  of  opinion  that  the  coagulation 
proceeded  from  the  coagulated  milk  of  the  ftomach,  and 
that  the  caufe  of  this  was  an  acid.     It  is  fcarcely  necef- 
fary  to  mention,  that  the  coagulation  is  now  well  known 
to  be  caufed  by  the  gaftric  juice,  and  that  the  ftomach  is 
ufed  in  a  dry  ftate. 

According  to  Macquer,  whey  is  not  only  the  aqueous 
part  of  the  milk,  but  contains  likewife  all  the  component 
parts  of  it  which  are  foluble  in  water.  It  has  a  peculiar 
tafte,  which  becomes  ftronger  on  evaporation.  This  fa- 
vour is  fomewhat  faccharlne  and  faliue.  It  contains  an 
extradive  faccharlne  matter,  and  hence  is  capable  of  the 
fpirituous  fermentation.  It  alfo  contains  otlier  kinds  of 
falts,  which  are  mentioned  by  Leonhardi,  fuch  as  the 
vegetable  alkali^  the  acid  of  milk,  phofphatot  lime,  and 
digeftive  fait. 

According  to  Boerhaave,  the  water  which  comes  out  Diaiihition 
on  the  diftillation  of  milk  is  fomewhat  empyrcumatic  "  ^ 
and  naufeatingto  the  tafte.  Voltelen  found  this  water  of 
the  fame  fmell  as  the  milk,  and  mild  in  favour,  but  un- 
pleafant.  Befides  this  water  which  he  obtained  from  the 
diftillation  of  the  human,  aftes,  and  flieep*s  milk  he 
obtained  an  acid  fpirit,  a  light  and  heavy  oil ;  and  in  the 
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afles,  after  incinerating  the  coal,  a  fixed  alkaline  fait,  «l 
fort  of  neutral  common  fait,  an  earthy  fubftance,  and 
fome  particles  of  iron.  Pie  likewife  obferved  in  the  diftiU 
lation  of  the  milks  of  the  afs  and  Iheep,  that  a  real  vola- 
tile alkali  arofe  after  the  acid  fpirit.  Beccaria  had  ob- 
ferved the  prefence  of  this  alkali  in  milk,  and  Hahn  had 
obferved  it  in  that  of  the  cow  ;  but  in  Voltclcn's  experi- 
ments, there  were  no  traces  of  it  in  the  human  milk. 
From  the  laft  milk,  however,  there  was  extricated  a  very 
large  quantity  of  an  elaftic  gafeous  matter  even  during 
the  coming  over  of  the  water,  which  at  times  threatened 
to  break  the  veflel,  of  this  air  he  did  not  find  any  in  the 
two  other  milks. 
Suc^^T  of  It  is  related  by  Kempfer,  that  the  Brachmans  were  ac- 

'^'  *  qnainted  with  the  procefs  of  making  the  fugar  of  milk  : 

Baiihoidi.  whether  this  was  the  cafe  or  not,  Fabricius  Bartholdi,  an 
Italian  phyfician,  is  the  firflwho  has  mentioned  this  elTen- 
tial  faccharine  fubflance  of  milk  in  his  Encyclopaedia, 
printed  at  Bologna  in  1619,  under  the  title  of  Manna; 
or  Nitre  of  Milk  :  and  it  is  from  this  book  that  Etmuller 
Tffti.  has  borrowed   his  defcription  of  it.     In  1608,  Tefti_,  a 

Venetian  phyfician,  publifhed  a  Memoir  of  the  Sugar  of 
Milk,  in  which  he  appears  to  attribute  the  difcovery  of 
ittohimfelf:  he  fpeaks  with  great  zeal  of  it's  medical 
virtues,  particularly  in  the  cure  of  the  gout,  and  in  an 
alchemical  ftyle  defcribes  the  method  of  preparing  it. 
Different  accounts  of  the  fame  fort  have  been  given  by 
Werlofchnigg,  Vallilnicri,  Fickius  and  Cartheufer.  We 
"►VuiiLmcz.  are  informed  by  Wulliamoz,  that  the  manner  in  which 
Cartheufer  prepared  it  did  not  fucceed  with  him ;  he 
praifes  in  the  higheft  ftyle  the  fugar  of  milk  prepared  by 
one  Creuzius,  and  eftcems  it  the  befl  mode  of  any  which 
the  Swifs  make  ufe  of,  and  which  he  regrets  is  not  un- 
derftood  elfewhere.  It  is  known  that  in  Switzerland  this 
fugar  has.  long  been  made  a  part  of  their  traffx  5  they 
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fell  two  forts  of  it,  one  in  the  form  of  tablets,  the  other 
in  that  ofcryftals.  He  has  given  us  the  method  employ- 
ed in  the  Alps  for  making  both  varieties.  For  the  firlt, 
the  milk  muft  be  previoully  Ikimmed,  it  is  then  coagu- 
lated by  rennet,  filtrated  through  a  linen  cloth,  and  the 
whey  evaporated  over  a  (low  fire  to  the  confidence  of 
honey  ;  when  it  is  fufficiently  thickened,  it  is  put  into 
moulds  of  different  figures  and  dried  in  the  fun.  For  the 
fecond,  thefe  table'ts  are  diifolved  in  water,  clarified  with 
the  white  of  eggs,  then  filtrated  and  evaporated  to  the 
confiftence  of  fyrup,  and  left  in  repofe  to  cryfiallize. 
Thefe  cryilals,  on  examination,  are  found  to  be  compofed 
of  cubic  malTcs,  very  brilliant  and  white,  and  are  attach- 
ed to  the  fides  of  the  vefTel  in  flrata :  if  the  remainingr 
liquor  be  again  expofed  to  heat,  and  evaporated,  other 
cryftais  are  obtained  on  evaporation,  and  this  operation 
may  be  fcparatcd  a  third  time.  The  firft  eryflals  are  of  a 
dazzling  white,  the  fecond  of  the  colour  of  flraw,  and 
the  laft  of  a  bran  colour  ;  thefe  by  folution,  clarification, 
filtration,  and  cryflallization,  may  be  brought  to  th-e 
fame  dazzling  whitencfs  and  degree  of  purity  as  the  firfL 
According  to  WuHiamoz,  the  properties  which  he  found 
the  fugar  of  milk  to  polTefs,  and  the  produfts  it  afforded 
him  on  dccompofition,  prove  it  to  be  of  a  faponaccous 
nature  5  it  unites  oils  with  water,  and  it  has  a  great 
refemblance  to  the  juiee  of  the  fugar  cane. 

Haller  has,  according  to  Morveau,  given  the  befl  me-  Haiien 
thod  of  preparing  the  fugar  of  milk.  The  whey  is  to  be 
clarified  with  the  whites  of  eggs,  and  continually  kept 
boiling  until  that  part  is  feparated,  in  order  to  thicken  it 
before  it  has  contracted  any  acidity.  Thecryftals  are  then 
neither  acid  nor  alcaline,  but  an  eflential  fait  as  perfci^l; 
as  the  fugar  of  the  ca.ne,  which  like  it  renders  oils  mifci- 
ble  with  water,  prevents  the  cream  feparating  from  the 
milk,  and  in  fhort  has   the  properties  of  foap.     Hallct 
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believes  that  the  milk  of  all  artiinals  contains  this  fait, 
but  not  in  the  fa;ii*>  proportions.  Accordingto  his  accotint, 
four  ounces  of  iheep's  milk  aft'orded  from  35  to  37  gr.  of 
fugar. 

Goats 47 — 49 

Cows 53 — 54 

Human 58 — 67 

Mares     69—70 

Afles 80—82 

Liciiten-  Lichtenftcin  has  examined  and  analyftd  the  different 

fua*ars  of  milk,  which  are  fold  at  various  prices  in  Swit- 
zerland, and  has  more  particularly  diftinguiflied  fix  fpc- 
cics,  of  which  an  account  will  be  ^ivcn.  He  cxtradled 
this  fugar  both  from  fweet  and  four  whey  ;  he  found  that 
the  refidue  of  the  faccharine  cryftallization,  or  what  re- 
mains after  the  cryftallization  of  the  fugar  of  milk  in 
fwect  whey,  is  pituitous,  fom'ewhat  empyreumatic,  and 
taftes  faliiie ;  that  it  is  eafily  dilTolved  in  water,  changes 
thefyrup  of  violets,  tin6lure  of  litmus,  and  the  folution 
of  Brunfwick,  green.  When  mixed  with  liver  of  fulphur, 
no  ftrong  fmcll  arifes;  rubbed  with  fixed  alkalies,  un- 
flacked  lime  or  minium,  it  gives  a  volatile  alkaline  fmell ; 
and  mixed  with  vitriolic  acid,  a  fmell  of  muriatic  acid  ; 
it  gives  a  precipitate  of  luna  cornea  when  mixed  with  the 
folution  of  filver ;  and  plumbum  corneum  and  a  white  pre- 
cipitate in  the  folutions  of  lead  and  mercury.  On  digef- 
tion  with  fpirit  of  wine,  and  then  mixing  with  vitriolic 
acid,  there  arifes  a  fine  acid  fmell;  but  mixed  with  fixed 
alkali,  a  volatile  alkaline  fmell.  The  gelatinous  refidue 
from  four  wbey^  in  which  the  acid  fugar  of  milk  has 
cryfi:allized,  is  according  to  the  fame  author  fourifh^^ 
and  like  wife  fomewhat  alkaline  to  thetafle;  it  colours 
the  fyrup  of  violets  and  tincture  of  litmus  red,  ef!ervefces 
with  common  alkalis,  colours  the  blue  folution  of  Brunf- 
wick green  immediately  of  an  emerald  green ;  dccom- 
pofes  liver  of  fulphur  with  the  common  difagreeable  fmell  i 
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communicates  to  alcohol  digefted  with  it  a  yellow  colour, 
and  after  the  evaporation  of  the  alcohol,  there  remains  a 
brown, pituitous,  faline,  fourtaftingfubftance,  which  eficr- 
vefces  with  fixed  alkalis,  emitting  a  volatile  alkaline 
fmell,  and  with  the  vitriolic  acid,  an  acid  fmell.  What 
the  alcohol  will  not  diflblve  does  not  effervefce  with 
alkalis,  gives  no  acid  fmell  with  the  vitriolic  acid,  and 
depofits  after  folution  in  water  a  light  yellowifli  earth. 

Clarified  fweet  fugar  of  milk  (faccharum  la6lis  pu- 
riffimum)  which  is  cryftallized  from  fweet  whey,  accor- 
ding to  Lichtcnftein,  is  of  a  milk  white  colour,  confifts 
of  fmall  cryftals  which  are  femitranfparent,  forming  re- 
gular parallelopiped  prifms,  terminated  by  a  regular  pyra- 
mid parallelogramically  rectangular,  which  at  the 
temperature  of  1 0°  or  11"  of  Reaumur  has  a  fpccific  gravity 
of  1.543. 

Water  at  the  fame  degree  diflblves  about  the  7th  of  it's 
weight. 

It  is  infoluble  in  redlified  fpirit  of  wine. 

It's  flavour  is  rather  fweetilh,  it  has  no  fmell. 

It  does  not  change  the  colour  of  turnfole,  or  fyrup 
of  violets,  or  the  folution  of  Brunfwick  greeny  it  does 
not  render  turbid  the  folution  of  corrofive  fublimate,  nor 
decompofc  the  calcareous  hepar  of  fulphur.  When  pul- 
verifed  with  potafli,  lime,  or  minium,  it  gives  out  no 
ammoniacal  odour,  nor  does  the  vitriolic  acid  difenffaire 
from  it  any  vapour  of  the  muriatic  acid. 

It  does  not  decompofc  the  folutions  of  (ilver,  lead,  or 
mercury. 

It  is  completely  foluble  in  the  nitrous  acid  ;  after  eva- 
poration, a  fermenting  mafs  is  found,  which,  on  being 
dried  and  burnt,  fliows  the  fame  properties  as  the  pure 
fugar  of  milk. 

Expofed  to.  a  gentle  fire  in  an  earthen  vefTcl,  there 
iinles  an  odour  of  burnt  fugar,  it  fwclls  confiderably,  and 
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becomes  a  black  tliick  inafs^  which  at  firfl.  hardens  in  the 
air,  but  afterwards  becomes  foft,  and  when  applied  to 
the  tongue  taftes  fwectifli  like  the  fugar  of  milk  itfclf,  and 
leaves  a  moderately  bitter  favour  in  the  mouth.  In  a 
ftronger  heat,  it  burns  to  a  black  fpungy  coal,  which  ex- 
hales an  odour  of  burnt  tartar. 

The  fugar  from  four  whey  (faccharum  la6lis  acefcens) 
is  the  fugar  of  milk  mixed  with  gala6lic  acid.  It  is  of  a 
ycllowifh  colour,  in  fmall  cr\»(lals  ;  it's  favour  agreeably 
acid,  and  it's  aroma  fatty  and  acidulous. 

It  is  more  readily  diiTolved  in  water  than  that  from 
fvveet  nh^^y. 

It  effervefces  with  alkaline  and  earthy  fubftances,  by 
which  it  lofes  it's  acidity. 

It  reddens  the  fyrup  of  violets,  and  the  infufion  of 
litmus,  and  deftroys  the  blue  fiiade  of  the  Brunfwick 
green. 

It  colours  yellow,  reftificd  alcohol,  and  this  as  it  eva- 
porates takes  away  all  it's  acidity;  water  itfelf  extra6led 
from  it  feveral  times  does  the  fame.  It  precipitates  the 
hepar  of  falphur,  with  a  flrong  hepatic  i^'oma. 

The  fire  a6ls  upon  it  as  on  pure  fugar  of  milk. 

Lichtenftein  likewife  defcribes  a  fugar  of  milk  united 
with  oily  particles,  and  it  is  this  which  (hoots  during  the 
firfi:  cryftallization.  It  appears  of  a  yellow  colour,  and 
becomes  rancid  in  time;  when,  however,  deprived  of  the 
oily  parts,  it  is  real  pure  fugar  of  milk.  He  likewife  men- 
tions another  fugar  united  with  an  oil  and  common  fait, 
and  which  is  of  the  laft  cryftallization.  It  is  of  a  yellow 
colour,  faline  favour,  gives  a  muriatic  acid  odour  on 
adding  the  vitriolic  acid  to  it,  precipitates  filver,  lead, 
and  mercury  white  from  their  folutions  in  nitrous  acid, 
and  in  time  becomes  rancid.  He  mentions  a  third  fugar 
vmited  with  oil,  common  fait,  and  fal  ammoniac,  which, 
befidcs  the  foregoing  properties,  poirefTes  that  of  feeling 
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condanlly  pituitoiis  and  moift,  and  affords  a  volatile 
alkaline  fmell,  on  being  rubbed  with  fixed  alkalis;  and 
laftly,  another  fagar  which  befides  being  united  with  oil, 
common  fait,  and  ammoniac,  is  found  tainted  with  a 
mucus  or  a  cafeous  part,  which  is  not  fixed  and  cryftal- 
lizcd,  but  mealy,  becoming  in  time  mouldy  and  rancid, 
ap.d  depofiting  a  cafeous  matter  on  it's  folution  in  water. 
This  is  the  moft  imperfcft  fort  of  the  fugar  of  milk.  An 
acid  is  likewife  to  be  found  united  with  all  thefe  impure 
kinds,  when  they  are  prepared  from  four  whey. 

Repeated  folutlons  and  evaporations  of  fugar  of  milk  by 
a  ftrong  heat  dccompofe  it  in  part ;  it  fcarcely  preferves 
it's  fweetifh  tafte,  but  has  an  earthy  and  difagreeable 
favour.  It  very  difficultly  diflblves  in  water ;  it  has  the 
appearance  of  chalk,  and  when  mixed  with  an  alkali,  it 
depofits  much  more  earth  than  pure  fugar  of  milk. 

To  purify  fuch  impure  fugars,  either  chalk,  calcareous 
marl,  or  fpirit  of  wine  may  be  employed. 

Leonhardi  was  informed  by  his  friend  Gentler,  an  apo-  Leonhardi. 
thccary  in  Switzerland,  that  the  peafants  there  made  ufe 
of  alum,  which  they  bought  in  large  quantities,  to  coa- 
gulate their  milk  with,  and  by  which  they  obtained  very 
white  fugar  of  the  firft  crvdallization  ;  whilft  Prince,  an 
apothecary  at  Neuchatel,  who  prepares  by  unknown 
means  a  beautiful  fugar  of  milk,  without  the  medium  of 
any  foreign  fubftance,  entirely  reje6ts  this  addition. 

When  this  fugar  of  milk  is  perfectly  pure,  it  is  quite 
white,  and  nearly  taftelcfs. 

Rouelle,  who  has  made  many  experiments  on  the  fac-  Roueiie. 
charine  part  of  'milk,  agrees  very  much  wath  thofe  of 
Lichienftein,  refpe6ting  the  fugar  obtained  from  fwect 
whey.  In  his  paper  publiihed  in  the  Journal  de  Medecine 
for  March  1773,  he  has  given  the  following  account  of 
them. 

Whey  obtained  without    cream  of  tartar  ilfTurds  on 
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evaporation  to  the  confiflence  of  a  fyrup,  and  placed  in 
cold,  cryftals  of  the  fait  or  fugar  of  milk.  This  mo- 
ther ley,  he  informs  us,  may  be  evaporated  to  the  third 
time,  and  frefli  cryftals  obtained ;  but  it  then  con- 
tains fome  cryftals  of  digeftive  fait  of  Sylvius.  The  re- 
maining ley  or  rather  coloured  liquor,  confifting  of  the 
mucous  part,  is  changed  fometimcs  by  means  of  the  mu- 
cus into  a  jelly  ;  italfo  contains  an  extra(9;ive  matter.  This 
ley,  mixed  with  twiTce  it's  quantity  of  diftilled  water,  had 
no  effect:  on  the  fyrup  of  violets;-  nor  did  a  diluted  acid 
effervefce  with  it. 

If  conceutrated  vitriolic  acid  eflfcrvefced  fv>me\vhat  with 
the  laft:  cryftallization,  or  it's  ley,  there  arofe  fome 
muriatic  acid  vapours,  which  Rouelle  attributed  to  the 
fait  of  Sylvius. 

The  fugar  of  milk  on  dlftillation  afforded,  ift.  a  little 
phlegm,  2d.  an  acid,  3d.  an  oil,  4th.  a  large  coaly 
matter  remained,  refcmbling  that  from  the  dlftillation  of 
faccharine  mucous  bodies,  as  honey,  manna,  fugar  can- 
dy, &c.  It  had  no  fixed  alkaline  properties,  nor  did  it 
effervefce  with  acids  as  the  coal  of  tartar  does.  It  afforded 
fcarcely  any  aftics  on  incineration,  which  were  ftiil  black, 
and  hence  contained  undccompofed  coal.  United  with 
water,  it  changed  the  fyrup  of  violets  green;  and  did  not, 
however,  effervefce  with  acids :  but  Rouelle  thinks  it 
contained  an  uncommonly  fmall  quantity  of  fixed  alkali ; 
confequently  the  products  of  this  fugar  are  the  fame  as 
thofe  of  ftarch  and  iagar  candy,  a  very  few  circumftances 
t:xcepted. 

The  laft  crvftallization,  and  it's  mollicr  ley,  afforded 
by  the  lixiviation  of  their  coals  a  little  digeftivc  fait  of 
Sylvias,  and  a  very  fmall  quantity  of  fixed  alkali,  which 
appeared  to  Rout  lie  to  proceed  from  the  extraiSlive  matter. 

The  fugar  ex  poled  to  a  ftrong  heat  in  an  v'od  kettle 
niejted  in  part,  and  was  of  the  colour  of  burned  fugav. 
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(earamel) ;  the  fmcll  was  that  of  burnt  honey,  manna,  or 
common  fugar.  He  found  two  parts  of  fugar  candy  to 
require  one  of  water  for  folution  j  and  for  the  folution  of 
the  fugar  of  milk,  fcarcely  more  than  an  equal  quantity 
was  ncceffary.  The  fait  from  the  incineration  of  the  coal 
of  cows  milk  afforded  him  fixed  vegetable  alkali;  the 
reft  was  the  fait  of  Sylvius  ;  for  being  decompofed  by  the 
vitriolic  acid,  the  muriatic  acid  was  fcparated,  and  vitriol- 
ated  tartar  obtained.  By  the  nitrous  acid  he  obtained 
nitre.  He  found  fix  grains  and  half  of  alkali  in  one  pint 
of  milk. 

From  the  experiments  of  Beaume,  it  appears,  that  Beaumej 
from  the  third  cryftallization,  he  obtained  cryftals  of 
common  fait,  and  from  the  mother  lev,  which  produced 
no  more  fugar,  he  procured  a  fixed  alkali  without  inci- 
neration. He  obtained  the  laft  alfo  after  the  diftillation 
of  the  fugar.  It  remained  in  the  retort,  and  he  found  this 
fugar  of  milk  to  have  many  properties  in  common  with 
cream  of  tartar,  excepting  it*s  not  being  four.  According 
to  Beaume,  the  whey  of  the  milk  of  the  cow,  evaporated 
to   three  fourths,  affords  the  fugar  of  milk. 

The  ftrongeft  acids  had  no  effe6l  upon  it,  at  the  fame 
time  he  looks  upon  it  to  be  of  a  faponaceous  nature.  On 
expofure  to  fire  in  a  retort,  he  obtained  empyreumatic 
oil,  and  a  fixed  alkali  remained. 

By  a  fecond  evaporation,  he  obtained  a  fait  refembling 
the  firft,  which  was,  however,  decompofed  by  the  mi- 
neral acids.  The  third  evaporation  of  the  whey  afforded 
cryftals  of  common  fait. 

A  fluid  remained,  incapable  of  affording  more  cryftals, 
It  contained  fixed  alkali  and  a  little  extraftive  matter, 
the  alkali  he  obtained  without  incineration.- 

Each  pint  of  whey  afforded  feven  or  eight  drachms  of 
thefe  falts,  the  origin  of  which  Beaume  attributes  to  the 
vegetable  nourifhment  of  the  cow, 
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It  appears  from  the  experiments  of  the  two  lad  French 
chemifts,  that  in  their  examination,  they  attended  more 
to  the  refiduum  of  the  evaporation,  than  to  the  a6lion  of 
reagents  on  the  fugar  of  milk.  For  a  more  exa6t  analyfis 
of  it,  we  are  indebted  to  Scheele  and  Hermbftadt,  which 
will  clear  up  any  doubts  refpc^ling  it's  component  parts. 

5oheeie,  Scheele's   Memoir  on  this  fubje6l  was  publilhed  in 

1780,  in  Sweden.  In  this  diflertation,  the  ingenious 
•  chemift  proves  that  the  fugar  of  milk  affords  the  fame 
produ<9:s  as  any  other  fugar;  but. the  mod  remarkable  is, 
that  the  empyreumatic  oil  has  an  aroma  approaching  that 
of  the  benzoic  acid,  or  fait  of  benzoin.  By  diftillation 
with  the  nitrous  acid  diluted,  he  procured  real  faccharine 
acid  as  in  common  fugar ;  but  from  this  experiment  he 
was  condu^bed  to  the  difcovery  of  the  facchola^lic  acid ; 
for  oh  treating  the  fugar  in  the  fame  way  as  that  for  ob- 
taining the  faccharine  acid  from  common  fugar,  he  found 
a  quantity  of  white  powder,  which  troubled  the  folution, 
and  which  he  got  upon  the  filter  on  filtrating  the  folution, 
previous  to  it's  exficcaiion  to  obtain  the  cryftals  of  the 
faccharine  acid.  The  quintal  afforded  him  fifteen  pounds 
and  half  of  faccharine  acid  -,  and  twenty-three  pounds  and 
half  of  the  white  powder. 

Hermbftadt  This  memoir  of  Scheele,  it  appears,  had  not  reached 
Hermbftadt,  when  the  latter  pubiiflied,  in  1782,  his  exa- 
mination of  this  fait  and  it's  acid.  Hedid  not  ufe  the  fum- 
ing nitrous  acid,  but  preferred  the  double  aqua  fortis, 
limply  redlified  on  the  nitre,  and  from  which  he  had  fe- 
parated  the  more  aqueous  particles  that  firft  arife.  Hav- 
ing extracted  it,  he  found  in  the  retort  when  cooled  a 
depolit  of  a  confiderable  quantity  of  earthy  matter,  and 
the  furface  covered  with  a  pellicle  of  the  fame  nature; 
befides  this,  he  obtained  real  faccharine  acid.  With 
four  parts  of  the  fugar  of  milk,  and  twenty-fix  of  nitrous 
acid  of  1,3^0  fpecific  gravity,  he  obtained  aut  of  the 
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quintal  only  fourteen  and  one  fixteenth  of  the  acid  of  fugar, 
and  forty-three  and  three  fourths  of  the  above  mentiontd 
white  powder.  It  may  be  remarked,  that  the  aqueous 
folution  of  the  fugar  of  milk  mixes  with  vitriolic  acid  as 
well  as  mild  vegetable  alkalis,  without  affording  any  de- 
pofit.  On  diftillation,  he  obtained  from  two  ounces  of 
the  fugar  of  milk  fome  very  thick  white  vapours,  fix 
drachms  of  a  clear  yellow,  ftrong,  and  empyreumatic 
acid  fluid  J  a  few  drops  of  a  dark  red  oil,  and  fix  drachms 
of  coal ;  which,  on  expofure  to  a  red  heat,  lofl  two 
fcruples ;  and  from  which  folution  in  mineral  acids  he 
precipitated  with  mild  vegetable  alkali  a  little  calcareous 
earth. 

From  the  experiments,  therefore,  of  thefe  two  chemifls, 
it  appears,  that  the  fugar  of  milk  well  prepared  and  rec- 
tified contains  no  difengaged  acid  or  alkali,  or  mineral 
neutral  fait;  that  it's  effential  conflituent  parts  are,  lit. 
a  real  fugar  like  that  of  the  cane,  /'.  e,  the  radical  of  the 
faccharine  acid  united  to  the  fyrupous  acid  which  exifls 
perfe6lly  formed  ;  2d.  another  fubflance  of  an  earthy  ap- 
pearance, and  which  modifies  the  exterior  characters  of 
the  ordinary  fugar. 

EXAMINATION  OF  THE  DIFFERENT  KINDS  OF  MILK. 

The  different   kinds  of  milk  that  have  undergone  the  six  different 
invefligation  of  feveral  of  the  beil;  chemif^s  of  the  prefent  ^n^'oxa- 
time,  and  upon  which  fome  very  curious  and  inftruClive  '"i-'^*^- 
obfervations  have  been  made,  are  fix  in  number,  viz.  the 
milk  of  the  cow,  the  human  milk,   thofe  of  the  afs,  the 
goat,  the  fheep,  and  the  mare.     But  although  much  has 
been  done  in  order  to  gain  a  complete  knowledge  of  their 
component  parts,  and  of  the  caufes  that  conllitutc  their 
differences;  yet  there  are  many  circumftanccs  attending 
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each  fpecies,  which  future  experiment  and  obfervation 
niuft  unfold. 
Milt  of  the      Milk  of  the  coiv.  Since  this  is  the  moil  univcrfal  of  any, 
^^'  not  only  when  uicd  crude  as  an  aliment,  but  for  a  variety 

of  culinary  purpofes,  it  is  not  extraordinary  that  it  (liould 
have  been  oftener  the  fubje£l  of  analyfis  -,  and  we  have, 
perhaps,  a  more  exac>.  account  of  it's  nature,  properties, 
and  contents,  than  tbofe  of  all  the  others  put  together.  It 
has  been  more  particularly  examined  of  late  by  the  French 
chemifts,  frcnn  whofc  labours  this,  as  well  as  the  other 
parts  of  the  fame  fubjecl,  will  be  for  the  moft  part  ex- 
tra6led. 
Colour,  The  milk  of  the  cow,  when  firft  drawn,  is  a  white  opake 

fmeu,  and  ^^^jj^  -^  y^^^  ^  peculiar  pleafant  fmell,  is  of  a  fweetifli, 
fomewhat  fattifli  tafte  ;  but  thefe  properties  depend  upon 
a  variety  of  circumftances,  fuch  as  the  peculiar  tempera- 
ment, food  of  the  animal,  &c.  Thus  immediately  after 
calving,  it  partakes  more  of  the  animal  -nature,  and  it 
receives  a  difagreeable  and  peculiar  flavour  from  various 
vegetables.  We  are  informed  that  all  plants  of  the  garlic 
kind,  many  of  the  umbelliferous,  the  horfe  mint,  cab- 
bages, turnips,  autumnal  leaves,  give  it  their  peculiar  fla- 
vour. According  to  Anderfon,  it  is  not  uncommon  to 
find  the  milk  of  farrow  cows  fenfibly  faline  to  the  tafle, 
particularly  that  which  is  firft  drawn ;  and  that,  at  laft, 
it  becomes  perfcAly  fweet,  the  ialtncfs  gradually  decreaf- 
ing  from  the  beginning,  and  not  to  be  obferved  when 
about  one  half  was  drawn  off;  and  perhaps  the  fame  cir- 
cumflance  may  be  found  to  take  place  in  milk  flavoured 
by  vegetables.  Cows  that  feed  on  the  leaves  of  maize 
give  an  extremely  mild  and  faccharine  milk  ;  and  fed  on 
the  potatoe  plant,  it  is  infipid.  Likewife,  the  Alderney 
breed,  a»d  the  Alpine  cows  afford  a  very  rich  milk  both 
in  colour  and  confiftence,  whilft  the  northern  covs's  give 
^n  aqueous  and  bluifli  milk  :  the  milk  of  Sardinia  is   fo 


FLUIDS.  139 

rich  as  to  afTord  one  half  of  cream,    whilfl  that  of  Cata- 
lonia yields  very  little.     In  fLimmcr  milk  is  more  or  lefi 
yellow,  and  in  winter  white.  With  refpeft  to  it's  colour, 
we  are  informed  byTcffier,  of  the  French  National  Infli- 
tiite,  that  he  has  obferved  milk  newly  drawn  from  the 
cow,  and  of  a  beautiful  white  colour,  to  become  blue  in 
the  courfe  of  two  or  three  days  ;  this  was  attributed  to 
fome  plants  of  the  nature  ofwoad  or  indigo,  on  which 
cows  will  fometimes  feed  ;  and  Dr.  Garden  found,  that 
after  cow^s  had  eaten  the  fame  plant  in  an  indigo  field,  the 
cre^m  of  their  milk  was  of  a  moft  beautiful  bjue  colour. 
Boiling,  although  it  in  fome  meafure  diffipates  the  difa- 
greeable  talk   of  plants,  had  no  effe(Sl  on   the  colour. 
Cows  that  feed  on  the  madder^ plant,  give  a  milk  that  ap- 
pears (Ireakcd  with  blood;  and  after  eating  the  fruit  of  the 
cactus  opuntia,  milk  of  a  reddifh  colour.  Gugenmusgave 
the  madder  plant  formed  into   hay  to  his  cows,  which 
ate  It  readily  ;  their  milk  was  fomewhat  reddifli,  andlhe 
butter  and  cheefe  acquired  by  thefe  means,  in  winter,  an 
agreeable  colour. 

The  milk  of  the  cow,  in  it's  ordinary  ftate,  boils  at  a 
degree  above  that  of  boiling  water. 

Fixed  air  has  no  effe6l  upon   it,   neither  has  fedative  Effefts  of 

*^'^'  ^  upouic. 

The  vitriolic  acid  coagulates  it  into  thick  lumps,  which 
are  fcarcely  afterward  diflblved  by  potafh  ;  the  other  acids 
avSt  in  a  (imilar  manner,  fuch  as  the  nitrous,  muriatic, 
phofphoric,  and  the  coagula  are  redifTolved  by  an  alkali. 

Vinegar,  whether  concentrated  or  not,  coagulates  it, 
and  the  lumps  arc  again  diflblved  by  alkalis,  and  become 
of  a  rofe  colour. 

The  oxalic  acid,  according  to  Stipriaan,  only  coagu- 
lates it  when  ftrewed  in  the  form  cf  a  powder. 

The  carbonat  of  potafli  converts  it  into  a  jelly,  and  if 
heat  be  employed,   it  changes  it's   colour  (or  rather  the 
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colour  of  the  whey)  to  a  yellow  red,  and  at  laft  a 
brown.  Caiiltic  alkali  diflblves  it  with  a  yellowifli  co- 
lour. 

Ammonia  thins  it,  and  on  boiling  heightens  it's  co- 
lour. 

Lime  water  thickens  it  a  little. 

Neutral  falts  make  it  thinner,  previous  to  their  thick- 
ening it. 

According  to  Siipriaan,  highly  redified  fpirit  of  wine 
does  not  coagulate  it. 

Infiifion  of  the  dried  ftomach  of  a  calf  coaorulated  it. 

o 

The  electric  fluid  thickened  it  fomewhat. 

On  fubjcfting  it  to  the  vinous  fermentation,  Stipriaan 
obtained  from  it  by  diftillation  a  hot  fpirit. 

When  the  milk  is  coagulated  by  artificial  means,  a 
mild  agreeable  ferofity  is  produced  of  a  lemon  colour, 
which  is  the  whey  or  ferum. 

It's  fpccific  gravity  to  that  of  pure  water  was  in  fum- 
mer  as  1028  to  1000. 
Diftiilarion.  We,  are  informed*  by  Parmentier,  that  on  diftilUng 
the  milk  of  cows  fed  on  different  food,  he  obtained 
eight  ounces  of  a  clear  and  colourlefs  fluid  from  eight 
pounds  of  each  milk,  but  the  odour  and  favour  were  Ami- 
lar  to  the  food  of  the  animal,  that  lived  for  nearly  one 
month  in  a  temperature  of  1 6  to  18"  of  Reaumur.  Thefe 
fluids  began  to  prove  turbid  and  vifcous,  and  their  odour 
was  a  little  fetid ;  that  obtained  from  the  milk  of  the 
cow  fed  on  cabbap;e  underwent  a  more  fudden  and  (tin- 
Able  alteration  than  the  others,  and  was  fometimes  the 
firft  td  become  putrid.  Thefe  liquors,  arrived  at  the  vif- 
cous and  opake  ftate,  became  perfectly  tranfparent  again, 
at  a  heat  of  28°,  whilft  fome  flight  white  filaments  were 
formed,  (and  this  is  the  cafe  with  liquors  obtained  by 
the  fame  means  from  flcfli,  white  of  egg,  and  other  ani- 
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mal  fiibftances  ;  all  the  liquors,  which  are  at  firfl:  very 
limpid,  become  turbid  at  the  end  of  a  certain  time,  lofe 
their  odour,  and  acquire  another  which  is  in  general  very 
difagreeable).  On  filtration,  they  become  perfe<Slly  clear, 
without  favour  or  odour,  and  on  evaporation  to  drynefs, 
little  or  nothing  v/as  left  to  colle6l.  The  reliduum  was 
thick,  greafy  to  the  touch,  of  a  yellowifh  white,  mild, 
and  even  fweet  favour,  and  to  it  Hoffmann  gave  Franchipaa. 
the  name  of  Franchipan^  By  diluting  this  in  boiling 
water,  a  milky  liquor  is  obtained,  known  in  France  by 
the  name  of  Hoffmann's  whey.  On  diflillation,  an 
aqueous  fluid,  a  very  fluid  yellow  oil,  an  acid,  volatile 
alkali,  a  thick  black  empyreumatic  oil,  and  an  inflam- 
mable gas  are  obtained.  The  carbonated  matter,  in  the 
retort,  is  difficult  to  incinerate.  The  afhes  change  the 
blue  of  violets  green;  when  fulphuric  acid  is  poured  on 
them,  vapours  of  muriatic  acid  arife. 

It  appears  that,  on  chanofincr  the  food,  although  for  Change  of 
the  better,  the  quantity  of  milk  becomes  very  evidently  the  quantity 
diminifhed,  and   it's   increafe  is   only  perceptible   after  °^  °"^' 
having  been  accuflomed  to  the  new  regimen  for  feveral 
days.     The  aroma  appears  to  form  a  conftituent  part  of 
the  milk.     To  this,  it  may  be  added^  that  the  odour  of 
the  plants,  diftinguifhed  in  the  volatile  parts  of  the  milk, 
are  not  perceived  in  the  fixed  parts. 

Milk  taken  from  the   cow  immediately  after  calving  Beafiings^ 
is  called  bea/imgs,  (coloftrum  primum^)  it  is  of  a  yellow- 
ifh  colour  ;  fometimes  mixed  with  ftreaks  of  blood ;  it  is 
thick  and  clammy  j  it's  taile  is  like  other  milk,    but 
fomewhat  mucous. 

It's  fpecific  gravity  to  that  of  water  is  1072  to  1000. 

On  the  fire  it  foon  coagulates  and  becomes  of  a  whiter 
colour. 

Milk  of  the  fccond  drawhig  is  not  fo  yellow,  thick^ 
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or  heavy;  it's  fpecific  gravity  was  found  by  Stiprlaan  to 
be  to  water  as  1052  to  1000.     This  is  more  difficult  to 
coagulate,  and  ftirring  prevents  it's  coagulation. 
P.operiies     •   Beaftings  is  coagulated  by    all  the  acids;  the  vitriolic 
^^^k  makes  it  whiter  and  very  thick  ;  the  muriatic  and  nitrous 

likewife  thicken  it,  efpecially  the  former.     Vinegar  only 
coagulates  it  in  it's  concentrated  (late. 

Alkalis  thicken  it,  arid  give  it  different  colours. 
The  neutral  falts  render  it  more  thin. 
It  is  coagulated  by  alcohol. 

Rennet  changes  the  firfl  drawn  milk  into  a  jelly,  and 
coagulates  the  fecond. 

Sixteen  hundred  parts  of  the  firfl;  afforded  187  of 
cream,  48  of  butter,  and  300  of  cheefe ;  and  the  fame 
quantity  of  the  fecond  gave  64  of  cream,  and  202  of 
cheefe. 

Expofcd  to  the  -air  in   fummer,    they  both   become 
highly  putrid  in  fix  or  eight  days,  with  the  odour  of  pu- 
'  trid  flcfli. 

This  milk,  efpecially  the  firft,  is  more  animalized 
,,_  than  the  ordinary  milk,  and  it's  liquid  part,  or  whey, 
agrees  very  much  with  the  ferum  of  the  blood;  it,  how- 
ever, contains  very  little  of  this  part,  on  the  contrary, 
a  great  deal  of  cream  and  butter.  Independent  of  the 
cafeous  part,  it  is  very  heavy,  fcarcely  ever  becomes 
lt)ur,  but  undergoes  the  putrid  fermentation  proportion- 
ably  quicker.  Stipriaan  looks  upon  beaflings  to  be  milk 
united  v/ith  a  quantity  of  ferum  of  the  blood. 
Crt'dni,  Cream  of  the  cow.     This,  on  ftanding,  beqpmes  thicker 

and  of  a  deep  yellow  colour;  it  lofes  it's  pleafant  fmell 
for  one  that  is  difagreeable  ;  and,  according  to  Parmen- 
tier,  it  became  covered  over  with  a  green  effervefcence 
in  about  the  fpace  of  three  weeks,  whilft  the  under  part 
had  a  cafeous  favour.  It  afforded,  on  diltillation,  the 
fame  produds  as  thcfe  extradted  from  fat  bodies  ;  at  firft 
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a  yellowifti  oil,  of  a  ftrong  and  penetrating  odour,  with 
fome  drops  of  a  liquor  flightly  acid  ;  afterward  volatile 
alkali ;  then  a  charcoal  of  difficult  incineration,,  but  no 
fixed  alkalis  were  found  in  it. 

We  are  informed  by  Dr.  Anderfon,  that  the  quantity  Anderfon's 
of  cream,   collefted  from  the  milk  of  the  cow,  is  dif-  ";',„T*' 
ferent  according  to   the  time  of  it's  being  drawn,  and 
that  a  fmall  quantity  of  milk  which  comes  the  lad  con- 
tains about   fixtee-n   parts   more  cream    than   the   fame 
quantity  drawn  the  firfi,  at  the  fame  milking ;  that  the 
cream  is   much  richer,    it's   colour  of  a  deep  orange, 
whilft  that  of  the  other  is  white.     He  informs  us,  that 
the  cream  in  the  firft  cafe  was  a  thin  tough  film,  thinner 
and  perhaps  whiter  than  common  writing  paper,  whilft 
in    the  laft  drawn  cup  it  was  of  a  thick  butyraceous 
confidence,  and  of  a  glowing  richnefs  of  colour,  as  he 
exprefifes  it,  which  no  other  cream  is  found  to  poflefs. 
From  thefe  experiments,   '^  it  appears,  "fays  Dr.  Ander- 
fon,  ''  that  a  perfon,  who  by  bad  milking  of  his  cow 
'^  lofes  but  half  a  pint  of  his  milk,  lofes  in  fa6l  about 
/^  as  much  cream  as  would  be  afforded  by  fix  or  eight 
*'  pints  at  the  beginning ;  and  lofes,  befides,  that  part 
*'  of  the  cream  which  alone  can  give  richnefs  and  high 
*^  flavour  to  his  butter  ." 

If  milk  be  put  into  a  di(h  and  allowed  to  fi:and  till  the 
cream  arifes  to  the  furface,  that  portion  of  cream  which 
arifes  firft  is  richer  in  quality  and  greater  in  quantity 
than  that  which  rifes  in  a  fecond  equal  fpace  of  time  ; 
and  that  which  rifes  in  the  fecond  interval  of  time  is 
greater  in  quantity  and  richer  in  quality  than  in  the 
third  equal  fpace  of  time,  and  fo  on.  The  cream  that 
rifes  decrcafing  in  quantity  and  declining  in  quality  as 
long  as  any  rifes  to  the  furface. 

Dr.  Anderfon  found,  that  thick  milk  always  throws 
up  a  fmaller  proportion  of  cream  it  contains  to  the  fur- 
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face  than  thinner  milk,  but  the  cream  Is  of  much 
richer  quahty.  If  water  be  added  to  this  rich  milk,  it  is 
found  to  afford  a  much  greater  quantity  of  cream  than 
it  oiherwife  would  have  done,  but  it's  quality  is  debafcdl 
Neither  does  m\\h  which  has  been  previoufly  agitated 
bv  carriage  afford  fo  rich  a  cream,  nor  in  fuch  quantity 
as  when  it  is  left  to  repofe  after  having  been  drawn.  In 
this  cafe,  it  is  fuppofed,  that  the  lofs  of  cream  will  be 
nearly  in  proportion  to  the  time  elapfed,  and  the  agitation 
it  has  fuffered  fince  the  time  of  being  drawn. 

With  refpeft  to  the  feparation  of  cream  from  the 
milk,  it  appears,  that  it  takes  place  with  the  greatefl 
regularity  in  a  temperature  of  from  53®  to  55'^  of  Fah- 
renheit, which  temperature  it  is  necelTary  thofe  who 
are  engaged  in  the  dairy  {hould  be  acquainted  with  ;  for 
when  the  heat  exceeds  63^  this  operation  becomes  very 
difHcult,  for  the  milk  is  apt  to  become  four  and  to  coa- 
gulate fuddenly  without  permitting  the  feparation  of  the 
cream  ;  if,  on  the  other  hand,  the  milk  is  kept  in  too 
cool  a  temperature,  as  under  40°,  the  cream  feparates 
from  it  with  great  difficulty  and  very  flowly,  and  acquires 
a  bitter  and  difagreeable  tafte. 

Milk,  in  the  autumn,  is  much  richer  and  more  co- 
aguiablc,  and  gives  more  cream  than  in  the  fpring.  It 
likewife  gives  it's  cream  fooner  in  fummer.  than  -in  win- 
ter. This  arifes  from  the  heat  which,  by  giving  more 
fluidity  to  it's  particles,  permits  them  to  act  according 
to  their  fpecific  gravity.  If,  however,  this  heat  be  too 
ftrong  or  fudden_,  an  acid  is  produced  which  coagulates 
the  cafeous  part  before  the  cream  has  had  time  to  fepa- 
ratc.     This  \s  the  cafe  in  flormy  weather. 

Fourcroy  fufpe6ls,  that  the  eleftric  fluid  is  the  princi- 
pal caufe  of  this  effect  j  for  a  good  conductor  paflling  in 
the  middle  of  a  dairy  prevents,  or  at  leaft  very  much 
retards  this  coagulation  during  flormy  weather.     Cow's 
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milk  requires  twice  the  time  in  winter  to  give  it's  cream 
to  what  it  does  in  fummer.  According  to  Fourcroy, 
four  or  five  days  are  fufficient  in  fummer,  and  eight  or 
ten  in  winter,  before  all  the  particles  of  cream  can  arife;  it 
muft  likewifebekeptat  eight  or  ten  of  Reaumur;  it  will  not 
cream  at  all  at  zero,  and  it  freezes  a  few  degrees  below  it. 
The  butter  of  the  milk  of  the  cow  is  in  general  of  a 
yellow  colour ;  but  fometimes  it  is  as  white  as  fat  or  Buiter. 
lard,  and  is  of  an  inferior  quality.  The  colour,  how- 
ever, depends  on  the  feram,  the  phyfical  ftate  of  the 
animal,  and  other  circumftances.  If  the  cream  be  got 
from  milk,  expofed  to  too  low  a  temperature,  the  butter 
when  extracted  will  be  pale,  very  fmall  in  quantity,  of 
little  tafte,  very  hard  and  brittle,  and  of  no  value.  But- 
ter, likewife,  extracted  from  new  cream,  has  a  more 
agreeable  favour  than  when  extra6led  from  old ;  for  to 
make  butter  of  the  beft  quality,  it  will  not  only  be  ne- 
ceffary  to  feparate  the  firft  drawn  milk  from  the  reft,  but 
likewife  to  take  only  the  firft  cream  that  is  feparated  from 
the  beft  milk,  as  it  is  only  the  firft  rifing  cream,  that  is  of 
the  beft  quality.  Thus  the  richnefs  of  the  highland  butter 
is  attributed,  by  Dr.  Anderfon,  to  the  pra<Slice  of  giving 
the  firft  drawn  milk  to  the  calves,  and  keeping  the  reft 
for  the  dairy ;  and  the  quality  and  richnefs  of  the  butr- 
ter  will  be  improved  in  proportion  to  the  fmallnefs  of  the 
quantity  of  the  laft  drawn  milk.  Another  circumftance 
in  the  Reparation  of  butter  from  cream  is,  that  it  does 
not  take  place  till  after  the  laft  has  attained  a  certain  de- 
gree of  acidity ;  if,  therefore,  it  be  agitated  before  that 
acidity  has  begun,  no  butter  can  be  obtained  ;  and,  ac- 
cording to  Anderfon,  the  agitation  rnuft  be  continued 
until  that  fournefs  be  produced,  after  which  the  butter 
begins  to  form  ;  hence,  the  cream  ought  to  remain  in  the 
veflel  appropriated  for  keeping  it,  until  it  has  acquired 
that  proper  degree  of  acidity  by  which  butter  is  eafily 
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X  extrafted,  by  a  very  moderate  degree  of  agitation  ;  and 
.by  this  procefs  only  can  very  fine  butter  be  obtainec 
In  fummer^  while  the  temperature  is  w^arm,  if  the  agi| 
■  tation  be  continued  till  the  acidity  is  produced^  the  pre 
cefs  will  be  long  and  tedious^  and  the  butter  is  generally 
of  a  foft  conliftence,  and  gluey  to  the  touch  3  vvhilft,  if 
the  fame  be  attempted  during  the  cold  in  winter^  butter 
can  fcarcely  in  any  way  be  obtained  except  by  the  ap- 
plication of  a  great  heat,  which  fometimes  aflifts  in  pro- 
ducing, a  very  inferior  fort,   white,   hard,    and  brittle, 
refembling  that  before  mentioned  ;  when  the  milk  has 
been  expofed  to  too  low  a  temperature,  it  has  very  little 
tade,  and  is  unfit  for  culinary  purpofes.     Cream,  there- 
fore, which  has  been  kept  three  or  four  days  in  fummer, 
^     is  in  excellent  condition  for  producing  butter;  and  An- 
dQrfon  is  of  opinion,  that  from  three  to  feven  days  will 
be  found  in  general. to  be  the  mod  proper  time  for  keep-  . 
insf  cream  before  it  is  churned. 

o 

.'.:rfo:'3       According   to    Mr.    George   Robinfon,    butter   from 

,,  ,'^'"       cream    is  much  richer  than  that  from   milk,  but  is  lefs 

in  quantity,  and  does  not  keep  fo   long  fweet;  a  good 

cow  will  produce  from  feven  to  ten  pounds  of  butter  every 

v/cek. 

With  refpeft  to  the  yellow  colour  of  butter,  it  is  pre- 
tended, by  fome  people,  that  it  is  owing  to  the  aliments ; 
but  it  is  well  known  that  cows,  when  feeding  on  the 
fame  food  and  in  the  fame  paflures,  fometimes  give  yel- 
low, and  at  other  times  white  butter  ;  hence  it  appears, 
that  it  is  in  fome  meafure  to  be  attributed  to  the  confti- 
tution  of  the  animal.     At  the  fame  time,  it   cannot  be 
•  denied,  but  that  the  aliments  may  have  fome  fhare  in  it's 
coloration.     Theconta6i  of  the  air  has  likewife  an  ef- 
fect in   colouring   butter,  for  fometimes  that  which  is 
quite  white  acquires  a  yellow  colour  a  certain  time  after 
it's  preparation ;  and  butter,  on  being  cut,  will  fome- 
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times  be  found  to  be  much  lefs  coloured  internally  than 
externally. 

According  to  Fourcroy,  it  is  neceffkry  to  wait  fome  Fourcro}-. 
time  after  the  cream  is  formed,  before  the  butter  is  ex- 
tracted from  il.  It  appears  to  him,  that  the  cream  ab- 
forbs  a  portion  of  oxygen  from  the  air,  which  thickens 
it,  and  diminiflies  the  attraction  of  the  butyraceous  par- 
ticles for  thofe  with  which  it  was  united  in  the  hquid 
cream;  fuch  are  principally  the  cafeous  particles  and 
thofe  of  the  gelatinous  mucilage,  a  proportion  of  which 
is  feparated  from  the  cream  by  the  mechanical  operation 
of  churning.  It  appears,  that  the  air  very  much  facili- 
tates the  feparation  of  the  cream  from  the  milk,  for  when 
milk  is  placed  in  vacuo  it  does  not  give  up  it's  cream  fo 
readily,  nor  is  the  cream  fo  thick  and  abundant  as  when 
expofed  to  the  air  at  the  fame  temperature.  It  appears 
that  cream,  taken  from  milk  of  twenty-four  hours  ftand^ 
ing,  requires  at  leaft  four  times  longer  to  give  butter  than 
that  of  eight  days,  and  four  times  more  motion ;  for  it  is 
necelTary  that  it  take  in  a  few  hours  from  the  atmofphere 
in  the  one  cafe,  what  it  had  in  the  other  imbibed  in 
feven  days,  for  which  purpofe  the  points  of  contact  muft 
be  multiplied  and  renewed  in  proportion,  which  is 
brought  about  by  churning.  Thefe  fa6ts  appear  to  Four- 
eroy  to  prove,  that  the  butter  is  not  wholly  formed  in 
milk ;  that  it  is  there  in  a  ftate  of  oil,  which  muft  abforb 
a  certain  quantity  of  oxygen  before  it  can  become  con- 
crete. 

Parmentier  is  not  of  the  fame  opinion.  ''  Whatever  PaiEicniier. 
doubts,"  faya  he,  ^^  may  be  formed  of  the  preexiftence 
of  butter  in  cream,  it  mufl  be  allowed  that  cream  has 
the  general  properties  of  oily  matters.  It  is  fpecifically 
lighter  than  milk  ;  is  unftuous  to  the  touch  ;  it  fpots 
cloth  like  fat  bodies  ;  it  grows  rancid,  and  at  length 
C^ntra(^s   at,  ftrong  tafte,  which  gives  reafon  to  fuppofc 
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that  butter  is  contained  in  cream,  but  under  a  femi- 
combination,  which  agitation  alone  can  deftroy."     He 
has  endeavoiired  to  fupport  this  opinion  by  experiment. 
He  endeavoured  to  deprive  cream  of  it*s  ferous  part,  whichir 
conftitutes  it's  fluidity,  without  aUering  it's  properties ; 
for  which  purpofe  he  procured  a  certain  quantity  upon 
feveral  leaves  of  greypaper,  which,  after  being  impregnated 
with  the  ferous  part,  left  the  cream  as  folid  as  butter/^ 
It  was  then  colle6led  and  diluted  with  a  certain  quantity 
of  diftilled  water,  fufficient  to   reftore  it  to  it's  former 
fluidity  ;    and  on  agitating  the  fluid,  the  butter  feparated 
as  ufual  ;  the  ferofity  was  only  extremely  infipid  ;  which, 
according  to   Parmentier,  was  a  proof  that  the  faline 
matter  diifolved  in  the  ferum  does  not  ferve  as  an  inter- 
mediate body  to  unite  the  butter  with  the  cream.     Some 
drops  of  vinegar  added  to  frefli  cream,  in  order  to  attack 
the  cafeous  part,  had  no  efTeft  in  promoting  the  extrac- 
tion of  the  butter,  but  retarded  it,  and  the  laft  retained 
a  little  of  the  cafeous  part  into  the  bargain.     This  expe- 
riment likewife  proves,  according  to  this  ^hemift,  that 
the  promptitude  with    which  the  butter  feparatcs  from 
four  cream  depends  lefs  on   an  acid  developed    in  this 
fluid,   than   on  the   fpecies  of  fermentation   which  has 
produced  this  acid. 
Bcft  forts  of     ']-|^gy  ^^Q  are  defirous   of  knowing;  the  method   of 
ter.  making  good  butter  fliould  attend  to  the  methods  which 

are  employed  in  the  heft  dairies  5  fuch  is  the  IVeft  country 
method,  as  Dr.  Anderfon  has  called  it.  They  flrft  depofit 
their  milk  in  earthen  pans,  and  let  them  femain  twelve 
hours  in  fummer  and  twenty-four  in  winter ;  they  are 
then  removed  to  ftoves,  heated  for  that  purpofe  with 
hot  embers;  here  they  remain  till  bubbles  arife  and  the 
cream  changes  it's  colour,  this  is  called  yt«/(^i?^  cream. 
It  is  then  removed  with  care  to  the  dairy,  where  ii  re- 
n7ains  twelve  hours  longer,  when  it  is  (kimmed,  and  the 
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cream  is  churned.     The  Cambridgefiiire  fait  butter  is 
made  nearly  in  the  fame  manner,  and  is  in  the  higheft 
efleem.     This,  when   deprived  of  it's  fait  by  wafhing, 
is  fold  at  a  high  price  in  London  as  frefh  butter.     Nearly 
the  fame  method  is  purfiied  in  Suffolk  and  Yorkfhire, 
and  the  butter  is  not  much  inferior  to  that  of  Cambridge, 
being  often  fold  in  London  for  that  butter.     The  food  is 
often  found  to  affect  the  butter,  as  wild  garlick,  charlock, 
or  May  weed,  turnips  and  rape.     A  great  part  of  the 
Epping  butter,  according  to  Dr.  Anderfon,  is  made  from 
the  cows  that  feed,  during  the  fummer  months,  in  the 
foreft,  where  the  leaves  and  fhrubby  plants  greatly  con- 
tribute to  it's  flavour.     The  mountains  of  Wales,  the 
highlands  of  Scotland,  and  the  moors,  commons  and 
heaths  of  England,  produce  excellent  butter  where  it  is 
properly  managed ;   and  though  not  equal  in  quantity  to 
that  produced  from  rich  meadow  land,  yet  is  fuperior  in 
flavour  and  quality. 

To  this  fhort  digreflion  on  the  making  of  butter  in  the  Prtfervaiion 
dairy,  may  be  added  this  method  of  prcferving  it  :  To 
preferve  butter  more  effe^lually  than  fait  from  any  taint 
of  rancidity,  the  following  prefcription  has  been  ufed  : 
One  part  of  fugar,  one  of  nitre,  and  two  parts  of  the 
befl  Spanifli  fait,  are  to  be  finely  pulverized  together, 
and  kept  for  ufe  5  one  ounce  of  this  is  to  be  mixed  tho^ 
roughly  with  fixteen  ounces  of  the  butter,  as  foon  as  it  is 
freed  from  the  buttermilk  5  it  is  then  to  be  put  into  a 
clofe  and  perfe*!^ly  clean  dry  veflel,  from  which  the  air 
is  to  be  carefully  excluded,  and  it  will  remain  good  for 
many  years. 

Butter  muft  be  divided  into  fmall  portions  and  well  Rancidity, 
waflicd,'  until   the   water  ceafes  to  be  milky,  otherwife 
fome  portions   of  the  cream  will  remain,  by  which  it 
foon   lofcs  it's  delicate  flavour  for  a  ftrong  difagreeable 
(liarp  tafte,  vulgarly  called  rancidity,     Buttec  appears  to 
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be  more  fufccptible  of  this  fpontaneous  change  thaq  othei^i 
oily  matters.  This  may  be  retarded  by  keeping  it  in 
cool  place,  or  mixing  fait  with  it.  Parmentier  wafhed, 
more  or  lefs  perfe6lly,  equal  quantities  of  butter  of  hh 
own  making  from  excellent  cream,  and  when  placed  in 
the  fame  temperature  they  became  fooner  or  later  rancid, 
according  as  they  were  more  or  lefs  well  waflied.  To 
prove,  in  a  IHII  more  evident  manner,  the  prefence  of 
cream  or  milk  in  butter,  and  it's  a6i:ion  on  this  oily  body, 
two  ounces  of  frefh  butter  were  melted  by  a  gentle  heat 
in  a  fmall  pot,  and  an  equal  quantity  of  rancid  butter  in 
another  veffcl ;  after  cooling,  a  fmall  portion  refembling 
cream  was  found  at  the  bottom  of  the  veffel ;  that  of  the 
iirft  had  a  mild  favour,  whilft  that  of  the  fecon(J  was 
very  fharp.  This  effe6l  became  infinitely  more  fenfible 
on  increafing  the  fluidity  of  the  butter,  by  adding  equal 
parts  of  oil  of  fweet  almonds.  Suppofing  thefe  experi-, 
ments  not  fufHcient  to  prove  the  influence  of  the  cafeous^ 
matter  on  the  rancidity  of  butter,  it  is  fuflicient  to  pay 
attention  to  the  dally  pra<Slice  of  dairymaids,  who,  orx 
'  melting  their  butter,  find  the  cafeous  matter  precipitated  to 
the  bottom  and  torrified  ;  likewife,  by  kneading  rancid 
butter  with  water,  it  will  foften  it's  ftrong  tafte.  With 
refpeft  to  rancidity  proceeding  from  an  acid,  as  fome 
chemifts  have  imagined,  it  is  proved  by  experiment,  that 
neither  rancid  butter,  nor  old  cheefe,  either  coagulates 
milk  or  reddens  the  blues  of  vegetables. 

Pure  butter,  expofed  to  a  gentle  heat,  melted  and  well 
waflied,  does  not  become  rancid  fo  foon  as  other  butter, 
but  it  is  not  fo  agreeable  to  the  tafte  ;  and  it  appears  pro- 
bably to  Fourcroy,  that  it  is  on  this  account  a  certain 
quantity  of  cheefe  is  always  left  in  it,  which  renders  it 
opake,  and  which  may  be  feparated  by  gentle  fufion  ; 
the  butter,  likewifc,  is  more  marrowy  after  fufion.  Four- 
croy put  fome  frefh  butter  of  the  market  into  a  tube  of 
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one  inch  diameter,  flopped  it  at  one  end,  and  plunged  it 
into  hot  water;  at  the  temperature  of  28^  it  feparated  into 
three  p^rts  ;  the  cheefe  was  at  the  top,  apparently  drawn 
there  by  fome  air  blebs  which  appeared  to  adhere  to  it 
more  than  to  the  other  matters  ;  the  pure  butter  was  in 
the  middle,  and  water  in  the  inferior  part. 

Butter,  melted  by  this  gentle  heat,  has  not  the  fame 
properties  as  before  ;  it's  colour,  favour,  and  texture  are 
changed  ;  it  is  become  femitranfparent,  and  granulated  ; 
it's  favour  is  infipid  and  fimiiar  to  that  of  fat;,  thefe 
changes  which,  butter  rmderg6es  in  melting,  are  caufed 
by  the  feparation  of  the  cafeous  part  and  the  mucilage. 
Vide  oils,  article  butter. 

Buttermilk,  We  are  informed  by  Parmentler,  that  Butter^ 
this  fluid  refembles  perfeAly  flvimmed  milk,  iii  all  it's 
phyfical,  chemical,  and  economical  properties.  When 
it  is  acid,  as  happens  in  the  fummer  months,  or  when  it 
is  taken  from  old  creams,  it  has  a  favour  manifeflly 
fliarp,  and  is  lefs  white  than  common  milk  ;  it  is  then 
clarified  with  extreme  quicknefs,  the  developed  acid  coa- 
gulating one  part  of  the  cafeous  matter,  and  the  folution 
the  other.  Buttermilk  is  not  fo  fliarp  as  the  acid  cream 
from  which  it  is  taken,  owing  to  the  percuflion  during 
churning  having  either  deftroyed  the  acid  or  forced  it  to 
combine  with  the  cafeous  matter  ;  buttermilk,  therefore, 
differs  from  milk  only  by  being  completely  deprived  of 
it's  butyraccous  matter. 

Skimmed  milk.  Milk,  when  deprived  of  it's  cream, 
has  neither  that  dead  white  colour  which  it  has  in  winter, 
and  yellow  colour  in  fummer,  nor  that  unctuous  con- 
fiftence  and  fweet  favour  which  it  has  when  frefli  drawn  5 
and  as  it^'s  denfity  is  decreafed  it  is  boiled  by  an  inferior 
heat.  It  is  iikev^'ife  capable  of  diflblving  a  greater  por- 
tion of  fugar,  and  other  faline  bodies.  It  is  owing  to  the 
^b fence  of  the  cream  in  this  milk  that  it  is  preferred  for 
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whey,  the  clarification  being  more  complete,  and  it  does 
not  fpoil  fo  r(K)n.  If  fkimmed  milk  be  left  in  the  open 
air,  or  even  in  a  bottle,  it  lofes  it's  fweet  favour,  contrails 
a  fharpncfs,  and  changes  into  a  ferous  liquor;  in  the 
tnidft  of  which  Achats  a  coagulum  which  is  eaiily  feparated 
by  decantation,  efpecially  if  the  veflel  be  expofed  to  a 
gentle  heat,  and  is  the  cafeous  part. 

If  this  milk,  which  has  jull  begun  to  turn*four,  be 
put  into  a  veffel  and  placed  in  fome  heated  water  for  one 
night,  this  cafeous  matter  will  be  feparated  into  a  thick 
crcamlike  fubflance  and  occupy  the  upper  part,  which 
is  not  much  Icfs  in  quantity  than  one  half  of  the  milk  ; 
when  this  is  well  done,  it  appears  to  be  as  rich  and  fat 
as  real  cream,  and  is  only  to  be  diftinguifhed  from  it  by 
it's  fournefs ;  it  is  eaten  with  fugar,  and  is  efteemed  a 
great  delijcacy ;  it  however  requires  practice  to  make  it 
nicely,  and  give  it  a  proper  creamy  confiftence;  the  de- 
gree of  heat  and  other  minute  circumftances  greatly  af- 
feeling  the  operation. 

Skimmed  milk  beingexpofed  to  heaton  the  bain,  marin. 
pellicles  arife  as  before-mentioned,  article  mi/k.  In  pro- 
portion as  they  are  formed,  the  milk  becomes  thick, 
hence,  water  muft  be  added  to  preferve  it's  fluidity; 
when  it  ceafcs  to  give  thefe  pellicles  it  is  tranfparent  and 
fluid,  and  no  longer  to  be  curdled  by  acids;  in  fhort,  it  is 
whey,*  or  the  ferum  of  the  milk.  Being  left  fix  days  in  a 
vefTd,  thefe  pellicles  gave  an  infupportable  odour.  On 
the  fire,  they  blider  and  expofe  an  odour  of  burnt 
horn,  and  afford  on  diftillation  the  fame  produdls,  viz. 
phlegm,  light  oil,  ammonia,  and  an  empyreumatic  oil ; 
a  charcoal  remains  of  difficult  incineration.  One  of  the 
mod  remarkable  properties  of  thele  pellicles  is,  to  be 
diflc)lved  by  cauftic  foda.  The  folution  is  of  a  deep  red. 
This  colour  Parmentier  thinks  is  due  to  the  carbon, 
which  is  firft  feparated  and  then  diflblved  by  the  foda. 
2 


FLUIDS.  153 

The  cafeous  matter,  being  the  fame  as  the  pellicles  juft  Cafeous 
mentioned,  poflefles  their  properties  ;  when  frefh  and 
moift,  it  is  in  part  foluble  in  the  alkalis,  but  when  exfic- 
cated  they  aft  very  little  on  it.  The  manner  in  which 
fixed  alkalis  aft  on  freih  curd  merits  a  particular  exami- 
nation. When  flakes  of  cheefeare  put  into  liquid  and 
cauflic  potafh  or  foda,  they  become  tranfparent,  and  are 
difTolved,  whilft  a  great  quantity  of  ammonia  is  difen- 
gaged,  as  obferved  both  by  Fourcroy  and  Parmentier; 
the  fame  takes  place  with  the  gluten  of  wheat,  and  ani- 
mal fub (lances,  as  flefh.  This  ammonia  appears  to 
Fourcroy  to  be  formed  at  the  moment  of  the  aftion  of 
the  alkali,  for  freih  cheefe  has  no  charafter  that  indicates 
it's  prefence  j  it  neither  changes  blue  vegetable  colours 
green,  nor  gives  ammonia  at  a  mild  temperature.  It  ap- 
pears, therefore,  that  during  the  time  the  fixed  alkalis 
tend  to  unite  with  a  certain  portion  of  cheefe  ;  it's  prin- 
ciples immediately  change  in  their  attraftions  ;  a  certain 
quantity  of  it's  hydrogen  and  azot  combines  apart  to  form 
ammonia ;  the  water  contributes  much,  for  the  produc- 
tion of  ammonia  does  not  take  place  in  dried  cheefe. 

That  portion  of  cheefe  which  the  alkali  holds  in  folu- 
tion  gives  the  liquor  a  brownifh  yellow  colour,  which 
becomes  brown  on  the  application  of  a  little  flrong  heat; 
in  the  lafi:  cafe  a  fmall  quantity  of  carbon  is  depofited. 
This  matter  may  be  feparated  from  the  foda  and  potafli 
by  an  acid ;  but  then  it  no  longer  polTeffes  the  ordinary 
properties  of  cheefe.  It  has  a  black  colour,  melts  in  the 
fire  like  a  thick  oil,  becomes  dry  no  more,  but  remains 
greafy.  It  appears  that  the  azot  and  hydrogen  are  firfl 
difengaged  to  form  the  ammonia,  whilft  the  hydrogen 
and  oxygen  becoming  more  abundant  in  the  cafeous  mat- 
ter, give  it  it's  oily  charafters,  fo  that  it's  folutionby 
the  alkali  forms  a  fort  of  foap. 

According  to  Parmentier,  if  this  combination  of  the 
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cafcoiis  matter  with  foda  be  decompofed  by  an  acid^  an 
hepatic  odour  is  difengaged.  He  found  that  the  vitriolic 
acid  has  very  little  avSlion  on  the  cafeous  matter.  The 
fuming  nitrous  acid  diflolves  it  at  a  boiling  heat,  -but 
diftilled  vinegar  he  found  to  be  the  acid  which  (contrary 
to  Scheele)  the  moft  completely  dilTolved  it. 

Schecle  has  fhown  that  the  acids  in  coagulating  cheefe 
diflTolved  a  part  of  it  in  proportion  to  the  quantity  of  acid 
employed.  According  to  Fourcroy,  the  cafeous  part  has 
a  ftronger  attraftion  for  fome  acids  than  for  others,  and 
in  general  for  the  vegetable  acids,  as  vinegar,  la<9:ic  acid, 
and  amongft  the  mineral  acids  for  the  diluted  fulphuric. 
It  has  likewife  a  ftrong  attraction  for  the  fweet  ferum  of 
the  milk,  fince  this  liquid  by  whatever  means  it  has  been 
clarified,  always  depofits  fome  of  it  on  paffing  to  the  ace- 
tous ftate. 
Whey.  The  favour  of  this  fluid,  when  frefh,  is  fvveetifh  and 

fomevvhat  faline,  and  when  filtrated,  pofleiTes  the  great- 
eft  limpidity.  Mixed  with  the  fixed  or  volatile  alkalis 
a  white  depofit  is  formed,  which  is  a  portion  of  the  ca- 
feous matter  held  in  folution  by  an  acid.  On  the  addi- 
tion of  an  acid,  it  is  expelled. 

Whey  is  ufed  in  the  bleaching  of  linen.  It  is  left  eight 
or  fifteen  days  in  large  veflels  of  this  fluid,  and  taken  out 
perfeftly  bleached.  In  this  cafe  the  acid  of  the  whey  is 
decompofed,  and  the  oxygen  a6ls  on  the  colouring 
matter. 

Serum,  evaporated  and  placed  in  a  frefh  place,  affords 
white  cryftals,  which  are  the  fugar  of  milk.  Parmentier 
found  no  fixed  alkali  in  the  mother  water,  only  the  mu- 
riat  of  lime  was  prefent.  Hence  he  concludes  with 
Rouelle,  that  fiied  alkali  is  not  eflential  to  milk,  and  that 
when  found  in  it,  it  is,  like  all  the  neutral  falls,  carried 
there  by  the  nourifhment  or  drink  of  animals. 
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The  beft  cheefes  in  Englarid,  fuch  as  the  Stilton,  the  Engiifh 
Chelhire^  and  the  Gloucefter,  are  made  from  the  milk  ^^^^ 
of  the  cow,  and  their  difference  appears  to  depend  more 
on  the  manner  of  making  them,  than  on  any  peculiar 
properties  of  the   milks.     According  to  Parkinfon,  the 
Stilton  is  made  of  the  curds  from  four  and  fweet  milk 
mixed  together,  and  the  whcv  preflTed  lightly  out  5  and 
the  richnefs  depends  in  fome  meafure  on  the  quantity  of 
cream.     It  is  afterward  turned  often,  and  not  dried  too 
quickly.    Cheihire  cheefe  is  made  of  new  milk,  and  it's 
rich  flavour  and'  mellowncfs  are  owing  to  an  addition  of 
fweet  beef  fuet,   or  any  other  which  is  poured  into  and 
mixed  with  the  curd,  with  a  fufficient  quantity  of  fait  to 
keep  it  from  rancidity.     It  is  found  that  the  hotter  any 
l^ipd  of  cheefe  is  put  together,  the  founder  it  will  be ;  and 
the  colder  you  put  it  together,  the  richer  it  is,  ^and  the 
fooner  it  will  decay.  Another  fort  made  of  this  milk,  and 
of  great  celebrity,  is  the  Cottenham,  or  Eddifh  cheefe  3  it 
is  thin  and  foft. 


HUMAN    MILK. 

This  milk  is  of  a  (light  bluifh  colour,  it's  favour  mild 
and  faccharine,  and  of  a  fweetifh  odour. 

It's  fpecific  gravity  is  to   diftilled  water  as    1029  to 
1000. 

Expofed  to  the  air  in  a  frefh  place,  it's  furface  becomes  Expofure  to 
corered  over  with  a  thick  very  white  matter  analogous  to 
cream.  From  this  cream  Parmentier  could  procure  no 
butter  by  agitating  it  for  feveral  hours ;  it  was  then  left  In 
a  temperate  place,  when  on  the  fecond  day  a  very  clear 
colourlcfs  liquor  was  obferved  at  the  bottom  of  the  veffeJ, 
and  on  the  furface  was  a  thickifli  fluid,  very  white  and  of 
a  mild  and  undluous  favour,    but  butter  could  not  be 
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i>ift illation,  fcparated  from  it.  It  was  then  put  into  a  retort  and  dif- 
tilled,  which  forced  over  fome  phlegm,  aftrong  empyreu- 
matic  oil,  volatile  alkali,  an  acid,  and  inflammable  gas  ; 
the  liquor,  therefore,  on  which  this  analyfed  matter 
fwam  may  be  looked  upon  as  a  butter  milk ;  it's  tranf- 
parency  was  not  changed  either  by  acids  or  fpirits  of  wine. 
By  infenfible  evaporation  it  afforded  a  faline  reiiduiim, 
found  to  be  fugar  of  milk,  mixed  with  fomc  cafeous 
matter.  Human  ikimmed  milk  placed  in  rather  a  warm 
temperature  did  not  coagulate  in  five  days,  it  became, 
however,  turbid  from  the  evaporation,  aiid  fenfibly  acid. 
On  letting  the  ewiporation  continue,  cryftals  of  fugar  of 
milk  were  formed,  and  there  remained  at  laft  a  thick 
mother  ley,  which,  evaporated  to  drvnefs,  afforded  mu- 
riat  of  foda.  When  heated  for  pellicles  to  appear, 
they  arofe  fucccffively  as  in  the  milk  of  cows,  and  the 
reft  was  ferum. 

:oaguia-  All  the  methods  of  coagulation  ufed  in  cows  milk  fuc- 
ceeded,  except  vinegar,  and  the  mineral  acids  very  much 
diluted  with  water. 

It  appears  that  the  longer  a  milk  is  drawn  from  the 
time  of  lying  in,  the  more  cafeous  matter  it  contains, 
and  then  it  is  coagulated  by  acids ;  but  the  coagulation 
is  always  vifcous,  and  never  acquires  that  gelatinous  con- 
fiftence  obferved  in  the  cafeous  matter  of  the  cow.  The 
cream  of  human  milk  foon  after  lying  in  is  very  fmall  in 
quantity,  but  it  incrcafes  as  it  recedes  from  that  time  5 
this  cream  is  always  of  a  dead  vi'hite  colour,  which  in  a 
:(hort  time  becomes  of  a  thick  confiftence,  without  ac- 
jquiring,  however,  that  unftuous  appearance  which  cha- 
radlerizes  the  cream  of  the  cow.  The  observations  which 
Parmentier  h^s  made  on  this  milk  are  highly  deferving  of 
attention. 

*'  Perhaps,*'  fays  this  chemift,  '^  there  is  no  fpecies  of 
milk  ths  produ6ls  of  which  vary  fo  much  as  the  humaaj. 
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hence  the  infufficiency  of  every  comparative  analyfis  with 
that  of  other  females.  At  each  inflaiit  of  the  clay,  this 
fluid  changes  it's  ilate,  and  the  changes  it  undergoes  are 
fometimes  fo  marked,  as  to  aftonifh  the moft  experienced 
obfervers.  We  were  at  firft  fo  mnch  flruck  with  thefe 
differences  during  the  fame  day,  that  we  were  apprehen- 
iive  the  milk  might  have  been  diluted  with  water.  To 
avoid  this  fufpicion,  we  analyfed  only  that  which  had 
been  drawn  in  our  prefence.  But  the  confequences  being 
flill  the  fame,  we  concluded,  that  it  can  never  be  in  the 
power  of  the  chemift  to  determine  the  quantities  of  each 
of  the  conftituent  parts  of  this  fluid  in  a  manner  fuffici- 
ently  pofitive  to  obtain  a  term  of  comparifon,  that  will 
not  be  variable,  fince  it  is  impoffible  to  find  two  kinds 
of  this  milk  perfeclly  fimilar." 

The  cream  appears  to  be  in  a  greater  abundance  in  hu-  Crenmcom. 
man  milk  than  in  that  of  the  cow,  and  it  differs  from  it  {ifat^ofTh«' 
verv  effentially  in  it's  component  parts.     In  that  of  the  '^^^'• 
cow  the  butyraceous  particles  are  as  it  were  mixed  with 
the  cafeous  part  of  the  ferum,  and  agitation  alone  is  fiiffi- 
cient  to  produce  the  butter  ;  but  in  the  human  cream, 
the  cafeous  matter  is  not  only  fimply  mixed  with  the  but- 
ter, but  it  is  fo  combined  as  to  appear  impoffible  to  fepa- 
rale  it.     Befides,  the  human  butter  is  moft  probably  lefs  Butter, 
folid  than  that  of  the  cow,  becaufe  the  cream  which  con- 
tains it  only  acquires  by  percuffion  a  thickiOi  confiftence  ; 
perhaps  it  is  likcwife  to  the  fmall  difpofition  which  the 
butter  has  to  take  a  concrete  form,  that  the  impoflibility 
of  it's  feparation  is  owing,  and  the  property  it  has  of  re- 
maining  combined  with  the  cafeous    matter  from  the 
greater  affinity  of  their  particles.     ^'  In  ffiort,"  fays  Par-  ^ 
mentier,  ^^  to  be  convinced  that  the  cafeous  matter  and 
butter  exift  in  human  cream,  it  is  fufficient  to  know  that 
the  cream  very  foon  grows  rancid,  and  that  the  products  it 
gives  by  dillillation  in  the  open  lire  are  prccifcly  the  fame 
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as  thofe  from  the  cream  of  a  cow  treiltdd  in  the  fame 
manner."  The  property  of  the  human  milk_,  in  not  being 
always  fubjecl  to  coagulation  by  acids,  appears  to  depend 
on  the  fmall  quamity  of  cafeous  matter  it  contains,  and 
it's  extenfion  in  this  fluid  ;  and  this  explanation  is  con- 
firmed by  Scheele*s  experiments,  which  prove  that  cow's 
milk,  diluted  with  fix  parts  of  water,  lofes  the  pro- 
perty of  coagulation.  It  alfo  appears  that  the  cafeous 
part  adheres  very  flightjy  to  theferum;  fince  by  repofe 
alone,  it  is  found  in  great  part  to  feparate  from  it  in  the 
form  of  exceedingly  tender  molecules  adhering  to  the  fides 
of  the  veflel.  Another  character  which  diflinguifhes  this 
milk  from  that  of  the  cow,  is  the  faccharine  favour  ;  yet 
the  quantity  of  fugar  the  human  contains  is  fcarcely  fen- 
fibly  greater.  Perhaps  the  caufe  of  the  great  developer 
ment  of  the  faccharine  matter  in  this  milk  arifcs  from 
it's  not  being  as  it  were  mafked  by  that  of  a  great  quantity 
of  cafeous  matter. 
Stipiiaaa's  Frofii  the  experiments  of  Stipriaan,  the  hum^  milk 
meats.  ^'^-^  not  coagulated  by  any  of  the  acids,  whether  heat  was 
ufed  or  not ;  nor  was  it  coagulated  by  any  of  the  alkalis, 
mild  or  cauilic  :  foda  of  potadi,  however,  by  the  means 
of  heat,  gave  it  a  yellow,  brown,  red,  and  at  lafl  a  black 
colour,  which  colours  were  weakened  by  the  vitriolic 
acid. 

Lime  water,  v/hen  boiled  with  it,  produced  a  deep  yel- 
low colour. 

The  earths,  neutral  falts.  Sec.  occafioned  no  change. 

Infufion  of  oak  bark  formed  a   coagulum  of  a  yellow 
colour. 

Alcohol  had  no  effect  upon  it. 

Vitriol  of  copper,  and  the  folutions  of  this  metal  in 
muriatic   acid  and  vinegar,   produced   a  blue  colour;    a 
^  folution  of  filver  in  nitrous  ac:d  gave   it  a  dirty  rofe  co-f 

lour;  and  tin  in  the  fame  acid  a  beautiful  rofe  red. 

The  rennet  of  the  lamb  and  calf  did  not  coagulate  it. 
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Sour  coagulated  milk  when  added  to  it  produced   a 
coagulum. 

The  electric  fluid  had  no  efTedl  upon  it. 

The  coal  after  evaporation  afforded  particles  of  iron. 

The  cafeous  part  was  coagulated  by  either  letting  it 
become  four  and  boiling  it,  or  ufing  old  four  milk  ;  this 
cheefe  was  much  finer,  more  tender,  and  fofter  than  that 
of  other  milk;  it,  however,  cannot  be  colle<Sled  in  a 
lump.  Sixteen  hundred  parts  of  this  milk  afforded  137  Contents. 
of  cream,  48  of  butter,  43  of  cheefe,  and  11/  of  fugar; 
300  parts  of  this  laft  gave  83  of  Ia6lic  acid. 

Human  milk  becomes  difficultly  four,   it  requires  very  ac 
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often  a  fortnight  and  lonofer :  fometimes  when  it  has  been  v'"^^','^' ^"^ 

'-'  o      '  putiia  It  1- 

kept  a  long  time,  it  is  infipid,  and  remains   for  months  'neauuiuns. 
without  undergoing  the  acetous  fermentation;  from  300 
parts  of  the  fugar,  Stipriaan  obtained  85  of  the  acid  of 
fugar  of  milk.     He  w^as  unable  to  bring  it  to  the  vinous 
or  putrid  fermentations. 

It  is,  perhaps,  owingto  the  great  difficulty,  if  not  im- 
poffibility  of  procuring  this  milk  in  a  nearly  fimilar  ftate, 
which  fome  authors  have  attributed  to  the  irregularity  of 
the  human  method  of  living,  that  the  experiments  of  che- 
mills  differ  fo  much  refpedting  it's  coagulation  ;  as  there 
is  no  other  milk  which  is  fo  readily  affe6led  by  the  differ- 
ence of  nourifliment.  It  is  now  afferted  by  Dr.  Clarke,  chike*'? 
that  it  contains  little  or  no  cafeous  part.     He  attempted  '^'^'''^  "'1 

*  t'o;-!guI  ition. 

it's  coagcilation  with  all  the  different  acids,  alcohol,  heat 
of  various  degrees,  infufions  of  infants  ftomachs  in  vari- 
ous proportions,  and  affifted  by  different  degrees  of  tem- 
perature, without  the  leaft  fuccefs.  He  confirms  in  this 
refpecl  the  experiments  of  Ferris  and  Young,  and  flates 
againft  Dr.  Rutty,  that  if  he  had  previoufly  fkimmed  the 
milk,  from  which,  by  the  means  of  rennet,  he  thought  he 
had  produced  a  little  curd,  he  w^ould  have  been  unfuccefs' 
ful.     From  his  own  experiments,  which  have  been  uu« 
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merous  and  of  great  variety,  he  concludes  that  the  matter 
often  vomited  up  by  fucking  infants,  and  which  has  been 
fuppofed  to  be  coagulated  milk,  is  not  the  cafeouspart,  but 
a  foft  vifcid  matter,  which  he  looks  upon  to  be  the  cream. 
He  was  confirmed  in  this  opinion,  by  abferving  that  the 
human  milk  always  threw  up  a  copious  yellow  cream 
for  fome  days  after  delivery,  and  having  interrogated  the 
nurfes  at  the  Lying-in  Hofpital  on  this  fubjeft,  they  in- 
formed him  that  the  matter  vomited  up  was  yellow  only 
during  the  beafl'mg period,  and  that  it  afterward  is  white. 


^ 


MILK   OF   THE   ASS. 

This  milk  is  of  a  whitifh  colour,  and  according  to  Sti- 
priaan,  not  fo  opake  as  the  other  kinds.  It  has  a  pecu- 
liar odour  and  fomewhat  fweetifli  talle,  accompanied 
with  a  flight  faltnefs. 

It's  fpecific  gravity  is  as  1023  to  1000. 

All  the  acids  except  the  weakeft,  as  the  fluor  acid,  coa- 
gulate it. 
Prop«riics.       Alkalis  produce  a  very  flight  coagulation  and  various 
colours. 

Neutral  falts  render  it  fomewhat  thinner. 

Cream  of  tartar  only  coagulates  it  when  warm. 

Alcohol,  rennet,  folutions  of  lead,  zinc,  tin,  iron, 
and  copper  in  acids,  coagulate  it,  and  likewife  produce 
more  orlefs  deep  colours. 

The  coal  after  diftillation  afforded  particles  of  iron. 

This  milk  difficultly  coagulates  fpontaneoufly,  and  the 
coagulum  is  not  very  confident. 

The  cream  is  of  a  yellowifli  white  colour,  fweet  fapid 
tafte,  and  at  firft  thin,  but  afterward  thickened  in  con- 
liftence; 
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The  whey  is  fweetifli  and  of  a  yellovvifli  colour. 
The  faccharine  matter  poiTefTes  a  (light  faline  favour. 
Sixteen  himdred  parts  of  this  milk  afford  47  of  cream, 
53  of  cheefe,  and  72  of  fugar  of  milk;  600  parts  of  this 
fugar  gave  1,55  of  acid. 

It  appears  that  although  all  acids  and  fpirituous  liquors  Obfervati- 
coagulate  this  milk,  it  is  in  a  different  manner  from  that  cou^^uiativn. 
of  the  cow,  for  the  cafeous  matter  always  feparates  in  the 
form  of  extremely  tenacious  particles,  which  aflemble  at 
the  bottom  of  the  velTel,  whillt  the  coagulum  of  the  milk 
of  the  cow  is  in  a  mafs,  and  occupies  the  whole  of  the  fluid 
from  which  it  is  with  difficulty  detached. 

Tliis  milk  affords  a  cream  that  is  never  thick  or  abun-  deam. 
dant;  it  is  with  difficulty  converted  into  butter,  and  this  Butter, 
butter  when  extra6ted  from  it  is  always  fo ft,  of  a  white 
colour,  and  without  any  marked  iiivour.  If  care  be  not 
taken  to  feparate  this  butter  from  the  buttermilk  as  foon 
as  it  is  formed,  or  if  it  be  kept  in  a  warmifli  place,  it 
liquifies  and  mixes  with  the  buttermilk,  and  cannot  be 
feparated  again  without  plunging  the  vefTel  into  cold 
water,  and  then  ufing  agitation. 

According  to  the  experiments  of  Parmentier,  this  but- 
termilk well  deprived  of  it's  new  cream  has  a  very  mild 
agreeable  favour,  and  the  cafeous  matter  is  feparated  from 
it  by  acids.  Sec. 

Th^ferum,  on  evaporation,  afforded  a  very  white  fugar,  Semm. 
but  not  in  the  quantity  expelled  from  it's  fvv^eet  favour ;  a 
little  calcareous  muriat  was  likewife  found  in  the  ferum. 

From  the  obfervations  of  Parmentier,  it  appears  that 
affcs  milk  is  one  of  thofe  which  contains  the  leaft  cafeous 
matter ;  it  adheres  fo  little  to  the  ferum,  that  repofe  alone 
without  any  acidity  is  often  fufficient  to  feparate  it ;  it 
then  appears  in  the  form  of  very  fine  particles.  In  this, 
it  agrees  with  the  human  milk,  which  is  fuddenly  con- 
verted into  ferum.     In  proportion  as  the  cafeous  matter 
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manifefts  itfelf,  the  faccharine  favour  becomes  more  evi- 
dent, which  cfrc6l  cannot  be  attributed  to  the  evaporation, 
of  the  fluid,  but  to  the  evolution  of  the  fugar. 

The  cream  is  never  in  abundance. 

From  the  want  of  fufficient  confluence  in  the  butter, 
it  cannot  be  had  in  a  folid  flate  during  fummer,  and  in 
winter  it  refembles  a  fluid  oil.  It's  colour  is  of  a  dead 
white,  whether  in  fummer  or  winter,  which  gives  rife 
to  fulpe6l  that  it  contains  a  fmall  portion  of  cafeous  mat- 
ter, and  the  facility  with  which  it  grows  rancid  feems  to 
confirm  this  opinion. 

The  falts  contained  in  the  fcrum,  Parmentier  found 
were  not  always  the  fame  ;  muriat  of  lime  was  the  mofl: 
general,  but  he  has  likewife  obtained  an  admixture  of 
muriat  of  foda.  The  firil  was  of  the  cubic  form,  the 
other  in  a  fl:ate  of  deliquefcence,  but  the  quantity  of  thefe 
two  falts  are  very  incouflderable. 


MILK    OP    THE    GOAT. 

GoAT^s  milk  is  very  white,  of  a  peculiar  fmell,  and  of 
'    a  fvveetifli,   fomevvhat  fat  favour,  which  is  very  different 
from  thofe  already  mentioned. 

It'sfpecific  gravity  is  greater  than  that  of  the  others  5  it 
\s  as  1036  to  1000. 

With  reagents,  the  changes  in  this  milk  are  much  the 
fame  cs  the  laft. 
Cream.  To  fcparate  the  cream,  the  milk  mufl:  not  be  placed  in 

too  cool  a  place ;  the  cream  is  exceedingly  thick,  of  a 
mild  and  agreeable  favour,  and  when  expofed  to  the  air 
keeps  a  long  time  without  fufiering  the  acetous  fermen- 
tation. From  it's  being  fo  very  thick,  it  is  eafily  con- 
verted into  a  fort  of  cheefe,  which  keeps  well,  and  is  very 


FLUIDS,  1G3 

rich.     By  agitation,  butter  is  eafily  obtained ;  it  is  of  a  Suiter, 
white  colour,  firm  and  fohd  in  conliilence^  and  in  other 
rcfpe6ts  rcfembles  other  butters. 

The  Z'////^rw/7.^  abounds  in  cafeous  parts;  fometimes  it  Buttermilk, 
contains   more  than   the  human   and   cow's   milk.     It 
is  mild  and  agreeable  to  the  tafte^  and  it's  cafeous  matter 
may  be  fcparated  by  acids,  fpirit  of  wine,  he. 

The  quantity  of  curd  is,  from  what  has  been  faid,  very 
confiderable,  and  is  always  in  the  form  of  a  magma,  fo 
thick  as  tu  caufe  the  feparation  of  the  ferum  with  great 
difficulty.  From  the  experiment  of  Parmentier  and  De- 
yeux,  it  appears  that  the  abundance  of  cafeous  matter  in  Abounds  in 
this  milk  is  it's  principal  chara6ler;  in  this  refpcvSt,  master, 
it  is  very  different  from  human  and  afs's  milk ;  it 
is  to  this  circumftance  that  it's  great  denfity  is  to  be 
attributed,  and  the  prodigious  quantity  of  pellicles  it 
affords  on  being  heated.  Another  remarkable  circum- 
flance  is  the  gelatinous  ft:ate  of  this  cafeous  matter  on  it's 
feparating  from  the  ferum,  being  very  different  from  that  of 
human  orafs's  milk,  which  never  acquires  any  confiflence, 
but  appears  in  the  form  of  extremely  divided  particles. 
Independent  of  thefe  properties,  this  cafeous  matter  of 
the  milk  of  the  goat,  confidered  as  an  aliment,  unites 
feveral  others  of  great  magnitude.  Cheefes  are  made 
from  it  which  are  extremely  rich,  marrowy,  and  melt- 
ing, and  of  a  very  agreeable  taf^e. 

As  the  cream  is  very  thick,  but  never  fo  yellow  as  that 
of  the  cow,  the  butter  which  is  feparated  is  always  white ; 
this,  however,  like  that  of  the  afs,  does  not  depend  on 
the  interpofition  or  combination  of  a  certain  quahtity  of 
cafeous  matter.  It's  confiftence  and  manner  of  being 
a£ted  upon  by  heat  prove,  that  it  does  not  depend  on 
any  foreign  body  for  this  property  ;  befides,  after  having 
been  kept  a  long  time,  if  melted  on  the  fire,  it  affords  no 
depofit,  as  is  the  cafe  when  butter  contains  cafeous  maw 
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ter  amongfl:  it's  particles.  It  is  moft  probably  to  this 
flate  of  perfection,  that  this  butter  has  the  property  of 
keeping  frefli  a  louch  longer  time  than  any  other. 

From  Stipriaan*s  experiments,  it  appears  that  1600 
parts  of  this  milk  contain  127  of  cream,  73  of  butter, 
146  of  cheefc,  and  70  parts  of  the  fugar  of  milk  ',  one 
fourth  of  which  is  the  laftlc  acid. 

With  refpe<5l  to  this  laft  part,  the  faccharine  matter, 
Parmenticr's  experiments  prove,  that  in  this  milk  it  is 
not  in  proportion  to  the  cafcous  matter ;  it  contains  even 
lefs  than  the  human  and  afs's  milk;  it  is  always 
very  white  when  the  fcrum  is  fpontaneoufly  evaporated; 
if,  however,  artificial  heat  be  ufed,  the  liquor  at  the 
term  of  cryftallization  remains  (irupy,  and  it's  confift- 
ence  increafes  until  it  refemblcs  a  jelly.  The  cryftals 
arc  alfo  coloured,  which  is  the  reafon  why  the  fugar  of 
this  milk,  which  is  made  for  commerce,  is  of  a  reddifh 
colour.  Thefe  inconveniencies  are  avoided  by  fponta- 
neous  evaporation. 

Parmentier  found  this  ferum  to  contain  a  very  fmall 
quantity  of  marine  fait.  It  is  the  only  foreign  fait  the 
prefence  of  which  is  feen  in  the  mother  water  remaining 
after  the  crvftallization. 


MILK   OF   THE   SHEEP. 

Refembies        In  appearance,  the  milk  of  the  flieep  is  very  fimilar  to 
c6w.°     ^   that  of  the  cow,  and  their  phyfical  qualities  have  a  great 

refemblance. 

,     It's  fpeciiic  gravity  is  to  diftilled  Vv'ater  as    1035  to 

ICOO. 
It  eafily  undergoes  the  acetous  fermentation  in  fum- 

mer. 
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Left  to  repofe^  it  is  foon  covered  over  with  a  thick 
yellowifh  cream;,  pretty  large  in  quantity,  of  a  mild  and 
agreeable  favour.  This  affords  a  good  deal  of  butter, 
which  never  becomes  of  a  very  folid  confidence.  It's 
colour  is  of  a  pale  yellow,  and  leaves  an  oily  impreffion  in 
the  mouth.  It  eafily  becomes  rancid,  particularly  if  not 
well  wafhed.  The  cafeous  matter,  whether  obtained  by 
fpontaneous  or  artificial  means,  always,  according  to 
Parmentier,  preferves  it's  fat  and  vifcous  ftate,  which 
prevents  it's  being  eafily  colle6led  ;  it's  favour  is  mild  and 
agreeable.  The  ferum  when  evaporated  afforded  a  very 
white  fugar.  According  to  Stipriaan,  1600  parts  of  this 
milk  afford  185  of  cream,  93  of  butter,  246  of  cheefe, 
and  67  of  fugar,  which  gave  one  fourth  of  the  la6lic  acid, 
and  nearly  as  much  from  the  fluid  which  remained.  All 
the  acids,  and  even  the  acid  offluor,  coagulate  it;  fixed 
air  has  no  effe^^  upon  it. 

Soda  and  potafh  gave  it  a  dark  colour  5  if  cauflic,  a  red. 
Ammonia  appears  to  make  it  thinner,  and  gives  it  a  yel- 
Jowifh  colour. 

The  neutral  falts  have  no  effect  upon  it. 
It  is  alfo  coagulated  by  alum,  liver  of  fulphur  when 
warm,  and  cream  of  tartar. 

Although  the  difference  between  this  milk  and  that  of 
the  cow  is  difficult  to  be  afcertained  by  infpedlion, 
Parmentier  found  by  analyfis,  that  it's  chara6lers  are 
fufficiently  evident  to  prevent  their  being  confounded  to- 
gether. This  difference  foon  appears  from  the  quantity 
of  cream  it  furnifhes ;  afterward  the  butter  extra£led 
from  it  prefents  to  the  chemift  a  fl;ill  more  marked  dif- 
ference, both  with  relpe^l  to  it's  confidence  and  tafiie. 
With  refpc6l  to  the  cafeous  matter,  the  difference  is  fi:ill 
more  fi;riking,  and  affords  a  character  which  peculiarly 
belongs  to  it.  It  is  remarkable  for  it's  fatnefs  and  abund- 
ance. 
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From  the  riciinefs  of  the  butter,  and  the  vifcofity  of 
the  cafeoLis  matter  of  the  milk  of  the  (lieep,  it  forms  a  part 
of  certain  kinds  of  chcefe  by  mixing  it  with  the  milk  of 
the  goat;  as  in  thofc  of  Roqiiefort,  which,  witliout  this 
admixture,  would  be  too  dry  and  lefs  delicate,  the  milk 
of  the  goat  giving  it  whitenefs.  This  is  one  of  the  moft 
famous  cheefes  that  France  affords.  As  to  the  rcl^,  the 
^  fuperiority  which  the  milk  of  the  flieep  is  known  to  pof- 

I'efs  in  giving  to  cheefe  it's  richnefs,  is  recorded  by  this 
ancient  proverb,  Z^^/^m'  de  vachc^  ca'ille  de  chevre^  et  fromage 
de  hreh'is.     The  muriat  of  foda  found  in  tliis  milk  by  the 
French  chcmifls,  has  given  rife  to  a  fufpicion  of  it's  pro- 
ceeding from  the  fait  which  is  given  to  them. 
Roqi:efo:t.        From  thc  celebrity  of  the  Roquefort  cheefe  above  men- 
cbeeit.        tioned,  it  will  not  be  departing  from  confidering  it  in  a 
chemical  point  of  view  to  give  fome  account  of  it's  for- 
mation, and  other  properties. 
Obferva-  We  are  informed  by  Ghaptal,  that  the  goats  and  the 

Chaptal  fheep,  of  the  milk  of  which  tliis  cheefe  is  formed,  feed  upon 
up  41  It,  ^j^g  Larzac,  a  large  plain  of  ten  leagues  in  diameter,  very 
fertile  and  rich  :  he  afnrms  that  it's  quality  feems  to 
depend  more  particularly  on  the  firft  operations  in  mak- 
ing. It  often  happens  that  cheefe  broiH2;ht  from  differeut 
farms  to  Roquefort  are  of  a  very  different  nature,  although 
f^om  herds  fed  in  the  fame  manner.  It  is  alfo  frequently 
obferved  that  cheefe  from  the  fame  farm,  made  by  the 
fame  perfons,  and  with  equal  care,  are  of  different  qua- 
lities. Chaptal  is  of  opinion  that  thefe  varieties  of  qua- 
lity originate  from  the  flrft  operations  it  undergoes  in  it'-s 
manufactory.  He  agrees  in  opinion  with  Huzard,  in 
attributing  the  caufes  of  the  bad  qualitv  of  cheefe  to 
the  rennet.  He  thinks  that  it's  ever  variable  nature ; 
the  fojourningof  the  milk  in  the  flomach  of  the  calfj  the 
variable  quality  o^the  curd;  the  more  or  lefs  perfetl  mix- 
ture of  the  gaflric  juice  with  the  food;  the  gadric  juice 


FLUIDS.  167 

itfelf;  and  even  the  age^  conftitution^  and  temperament 
of  the  animal ;  all  of  them  haVe  more  or  lefs  influence 
upon  it.  To  obviate  thefe  faults,  the  rennet  ihould  be 
conflant  and  invariable  in  it's  nature  and  virtue,  this 
muil  be  looked  for  amongft  the  acids.  The  manipulation 
has  alfo  great  effed  upon  it.  All  the  whey  (liould  be 
entirely  prefTed  out,  otherwife  it  becomes  four  in  a  few 
days  and  fpoils  the  cheefe.  The  cheefe  when  made  (hould 
be  dried  in  a  frcfh  and  dry  air,  and  the  month  of  May  is 
the  beft  feafon  for  this  purpofe.  Delmas  has  found  fuch 
cheefe  very  fuperior  toothers;  the  fermentation  having 
been  thus  prevented,  and  perfect  drynefs  obtained.  They 
are  preferved  in  cellars  of  proper  coldnefs,  and  with  con- 
ftant  air. 

The  character  of  this  cheefe  is  mildnefs,  whitenefs, 
firmnefs,  an  agreeable  ta{le,and  colour  marbled  with  blue. 
It,,  however,  foon  changes  it's  quality  from  change  of 
temperature  and  tranfportation ;  and  fo  nice  is  it's  point 
of  excellence,  that  it  is  agreed  upon  by  connoiiTeurs,  that 
it  is  only  at  Roquefort  an  exa(Sl  idea  can  be  formed  of  it. 
The  firft  degrees  of  fermentation  when  in  curd  make  it 
infeniibly  lofe  the  infipid  tafte  it  has  in  that  ftate,  and  at 
laft  it  contrafts  a  fliarp  difagreeable  favour  j  it  is  therefore 
between  the  extremes  that  the  fermentation  mud  be 
flopped.  It  is  alfo  neceflary  to  attend  to  the  changes 
after  having  been  failed  and  placed  in  the  cellars.  It 
is  firft  covered  with  a  white  down,  which  afterward  be- 
comes blue  and  then  red.  Thefe  colours  arife  from  the  at- 
traction of  oxygen,  which  by  producino-  a  different  denfi':y, 
or  otherwife  changing  the  pofition  of  tl^e  particles,  renders 
them  proper  to  refraiSt  fuch  and  fuch  niys,  according  to  the 
refraftive  power  of  each.  As  the  blue  ray  is  the  weakeft, 
it  is  the  firH  rcflefted  when  the  oxygen  gas  is  fixed  in  a 
body,  producing  the  putrid  fermentation.  The  red 
whieh  fuccecds   the  blue  in  this   cheefe  is  likewife  a 
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natural  confequence  of  the  faiiic  principle  j  and  in  efle«9:, 
it  is  proved  according  to  Ghaptal,  that  the  red  ray  is  that 
which  has  the  ftrongeil  refrangibility,  it  is  therefore  that 
which  is  reflected  when  the  concentration  and  combina- 
tion of  the  oxygen  gas  is  the  ftron^ieft  ;  this  is  fecn  in  the 
calcination  of  moll  of  the  metals,  and  in  the  blood  ;  but 
the  nature  of  the  principles  with  which  the  oxygen  gas 
combines,  and  it's  greater  or  lefs  affinity  with  the  dilTcrent 
particles,  modify  the  combinations  and  vary  the  refults. 
It  is  from  this  red  colour  that  they  are  able  to  judge  of 
the  perfection  of  the  chcefe. 


^ 
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MILK    OF    THE    MARE. 

It's  proper-  This  milk,  like  the  reft,  is  white  and  opake;  it's  fmell 
is  peculiar  to  the  animal,  which  it  retains  in  all  it's  parts, 
and  it  has  a  fweet  and  as  it  were  an  aqueous  favour. 

It's  fpecific  gravity  to  diftilled  water  is  as  1045  to 
1000. 

The  vitriolic,  muriatic,  and  nitrous  acids,  coagulate  it 
into  thick  lumps. 

The  phofphoric  acid  deprives  it  both  of  colour  and  opa- 
city, fo  that  it  appears  like  water. 

Acid  of  fluor  has  no  effect  upon 'it  in  the  cold,  but 
when  warm  (lightly  coagulates  it ;  a  fimilar  effe^l  is  pro- 
duced by  the  acid  of  fugar. 

The  alkalis  render  it  more  thin,  and  change  it's  colour. 

Lime  water  has  no  effeft  in  the  cold,  but  precipitates 
the  cafeous  part  when  warm. 

Neutral  falts  render  it  thinner  and  clearer. 

Highly  redl^^ified  fpirit  of  wine  renders  it  equally  curJy, 
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^    According  to  Slipriaan^  an  infufion  of  rennet  has  no 
effed  upon  it. 

This  milk  is  fomewhat  remarkable  for  it's  fluidity  ;  it, 
however,  is  lefs  fo  than  the  human,  and  that  of  the  afs, 
but  it  is  more  infipid  as  to  it's  favour.  It's  phyfical  pro- 
perties have  great  refemblance  to  other  milks.  Parmen- 
tier,  however,  ohferved  that  it  eafily  boils,  and  is  not 
difficult  to  coagulate.  It's  diflilled  water  is  nearly  ino- 
dorous, and  it  gives  a  frangipane  lefs  un^luous  and 
abundant  than  that  of  the  cow.  This  milk  fcarcely  feels 
the  heat  of  the  bain.  mar.  before  it  is  covered  with  pellicles 
lefs  than  thofe  of  the  (lieep  ;  and  thofe  which  appear  the 
firft  are  the  moft  unAuous,  which  is  to  be  afcribed  to 
the  fmall  quantity  of  cream  it  contains. 

The  (erum,  when  the  pellicles  are  taken  away,  is  al- 
ways very  clear  and  colourkfs.  With  refpe6t  to  the 
cream,  it  is  pretty  clear  and  of  a  yellowiih  colour;  it 
arifes  very  foon  after  the  milk  is  drawn  from  the  animal. 
It  affords  no  butter  though  agitated  a  long  time;  it  in- 
creafes,  however,  in  confidence,  but  affords  no  butter- 
milk, at  lead  Parmentier  was  not  able  to  procure  any. 
The  fkimmed  milk  has  the  properties  of  that  of  the  cow 
and  goat;  it  Is,  however,  ohferved  by  the  above chemill, 
that  diftilled  vinegar  and  cream  of  tartar  operated  more 
difficultly  the  feparation  of  the  cafeous  matter,  and  when 
it  appears  fome  time  after  the  mixture,  it  is  in  a  form  ana- 
logous to  that  of  human  milk  treatedin  the  fame  way.  The 
ferum.by  fpontaneous  evaporation  was  covered  with  a 
white  cryflallized  fait  in  fmall  needles,  fometimes  group- 
ed, and  fometimes  ifolated,  and  it  likewife  afforded  a 
faline  concretion  ;  the  firft  was  found  to  be  fulphat  of 
lime ;  the  other,  fugar  of  milk ;  and  after  two  other 
cryftallizations,  the  liquor  remaining  refufed  to  cryftal- 
lize;  it  contained  muriat  of  lime.  Sixteen  hundred  parts 
of  this  milk,  according  to  Stipriaan,  afforded  13  only  of 
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cream,  26   of  cheefc,  and    140  of  fugar  of  milk;  100 
parts  of  this  laft  gave  30  of  the  laftic  acid. 

The  experiments  of  Parmontier  a)]d  Deycnx  on  this 
milk,  were  made  upon  fome  which  had  been  taken  from 
the  animals  two  months  after  foaling ;  they  found,  that 
on  iimple  infpc6tion,  it  was  eafy  to  judge  of  it's  ferous 
flate,  and  they  foon  had  a  proof  of  it  by  the  fmall  quan- 
tity of  cafeous  matter  it.  contained.  They  found,  that 
diftilled  vinegar  would  not  coagulate  it,  as  in  the  human; 
but  it's  cafeous  matter  was  always  made  to  appear  of  an 
extreme  tenacity,  when  acids  fomewhat  concentrated 
were  employed. 

The  greateft  difficulty  they  found,  was  the  fcparation 
of  the  butter  from  the  cream  ;  and  as  Venel  has  obferved_, 
from  the  fmall  quantity  of  cafeous  matter  this  milk  con- 
tains, the  nutritive  property  attributed  to  it  muft  depend 
lefs  on  the  abundance  of  the  principles  which  enter  into 
it's  compolition,  than  on  the  real  manner  in  which  they 
exift  in  it.  With  refpe6l  to  the  ferum,  thefe  two  chemifls 
foivnd,  that  the  fugar  obtained  by  the  firft  cryftallization 
was  covered  and  mixed  with  a  faline  matter,  which  they 

Contains     took  to  be  falj)hatyf  lime;  and  this  is  the  only  milk  which 

n^t'  ""^    afforded  them  a  fait  of  this  kind. 

Since  this  milk  appears  to  have  been  the  firfi;  from 
which  an  ardent  fpirit  was  obtained,  it  may  be  thought 
neceffary  to  give  fome  account  of  it. 

An  arddit       It  has  been  obferved  by  travellers,  that   the  different 

*Jt!ui:,e«i  iiordes  of  Tartars  have  for  many  ages  been  accuftomed 
not  only  to  prepare  an  agreeable  acefcent  liquor  from  the 
milk  of  the  mare,  to  which  they  give  the  name  of  kumifs, 
but  that  they  are  able  to  extrad  by  diftillation  a  very 
flrcng  fpirit  from  it.  The  method7  however,  in  which 
this  was  done  remained  unknown  ;  and  we  are  informed 
by  Grieve,  that  when  he  was  in  Ruflla,  it  was  with  great 
difficulty  he  obtained  the  method  of  making  it.     He 
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has  given  the  following  account  of  the  method  nfually 
pra^tifed  in  the  preparation  of  kumifs  by  the  Befchkir 
Tartars.  Take  any  quantity  of  frefh  mare's  milk/ add 
to  it  one  fixth  part  of  water^  and  pour  the  mixture  into 
a  wooden  veffel.  Ufe  then  as  a  ferment  one-eighth  of  the 
foureft  cow's  milk^  but  a  fmall  portion  of  old  kumifs  is 
beft ;  cover  the  veffel  with  a  thick  cloth,  and  place  it  in 
a  moderate  temperature  ;  when  on  repoflng  twenty-four 
hours,  a  thick  fubftance  will  be  collciftcd  on  the  furface, 
which  is  to  be  beaten  with  a  iHck  until  it  is  intimately  mix- 
ed with  the  fluid  part.  After  rcpofmg  another  twenty-four 
hours  it  is  put  into  a  narrow  velTcl,  and  flirred  until  it  is 
perfectly  homogeneous  ;  in  this  flate  it  is  called  kumifs, 
and  has  an  agreeable  tafie,  w^hich  is  a  compound  of  fweet 
and  four.  It  is  ftirrcd  every  time  it  is  ufed.  Grieve  was 
told,  that  if  this  be  put  into  clofe  veflels,  in  a  cool  place, 
it  will  keep  three  months  or  more. 

We  are  informed,  likewife,  by  Eaton,  who  was  many 
years  refident  both  in  Turkey  and  Ruffia,  that  the  Ara- 
bians and  Turks  have  a  preparation  fimilar  to  the  ku??iffs 
of  the  Tartars  -,  by  the  firft  it  is  called  leban,  by  the  Turks 
yacurt.  It  is  made  by  putting  fome  of  the  old  fort  to 
new  milk  made  hot  over  the  fire,  when  in  a  few  days,  more 
or  lefs,  according  to  the  temperature  of  the  atmofphere. 
It  becomes  coagulated  into  an  uniform  confiflcnce,  and  of 
a  moft  pleafant  acidulous  flavour]  tbe  cream  is  in  great 
part  feparated,  leaving  the  curd  light  and  femitranfpa- 
rent;  and  the  whey  is  much  lefs  fubjeft  to  feparate  than 
by  our  method  of  uflng  rennet  for  the  purpofe  of  chcefe 
making. 

^^  Yaourt,'^  fays  Eden,  ^^  has  this  Angular  quality, 
that  left  to  ftand  it  becomes  daily  more  four,  and  at  lafl: 
drie^,  without  entering  the  putrid  fermentation.  In  this 
ftate  it  is  preferved  in  bags,  and  in  appearance  refembles 
prefled  curds  after  having  been  broken  by  the  hands  5  and 
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this  dried  yaourt,  when  mixed  with  water,  becomes  a 
fine  cooling  drink,  or  food."  Frefli  yaourt  is  an  article 
of  food  amongft  the  natives,  and  it  appears  that  Euro- 
peans foon  become  fond  of  it.  The  fame  gentleman  in- 
forms us,  that  no  other  acid  will  make  the  fame  kind  of 
curd,  for  after  the  acetous  fermentation  is  over,  the  whole 
becomes  putrid ;  that  in  Ruffia  they  put  their  milk  in 
pots  into  an  oven,  and  let  it  ftand  until  it  becomes  four, 
and  this  they  ufe  as  an  article  of  food,  or  make  it  into 
chcefe  ;  but  it  has  none  of  the  qualities  of  yaourt,  though 
when  new  refembles  it  in  tafte. 

This  yaourt  or  leban  is  fo  valuable  an  article  with  the 
people,  and  is  looked  upon  with  fuch  high  confideration^ 
as  to  give  rife  to  a  ftory  of  their  firft  having  received  it 
from  the  hand  of  an  angel,  who  taught  Abraham  how 
to  make  it,  and  that  the  angel  brought  a  pot  of  it  to 
Ilagar. 

With  refpeft  to  the  knowledge  the  Tartars  had  of 
extracting  a  fpirit  from  this  kumifs,  we  are  informed  by 
Marcus  Paulus,  that  it  was  known  to  them  even  in  the 
thirteenth  century ;  to  this  fpirit  they  gave  the  name  of 
arki  or  ariki.  We  are  informed  by  Pallas,  that  when 
they  are  in  want  of  mare's  milk  they  ufe  that  of  the  cow; 
but  they  prefer  the  kumifs,  from  it's  containing  a  greater 
quantity  of  fpirit,  viz.  one  third  of  the  whole  ;  whilft 
the  milk  of  the  cow  only  affords  two  ninths.  The  Kal- 
muc  Tartars  call  that  from  the  mare  tfchigan,  and  that 
from  the  cow  arjan  or  airer.  This  report  of  Pallas  is 
confirmed  by  Beri^tflionfliys,  who  accompanied  Lepe- 
chin  and  fome  other  academicians  in  their  travels  into 
Siberia  andTartary,  and  who  publifhed  in  1778,  at  Straf- 
burg,  a  differtation  on  the  ardent  fpirit  to  be  obtained  from 
milk.  As  authors  have  differed  refpc6ling  the  abfence  jor 
prefence  of  fome  of  the  component  parts  of  milk  in 
making  this  fpirit^    OferetfkowiQcy  made  fome  experi- 
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mcnts  on  this   fubjccSt^  and  found  that  the  milk  muft 
not  be  deprived  of  any  of  it's  parts  ;  he  found,  that  the 
milk  when  deprived  of  it's  buttter  gave  no  fpirit,  nei- 
ther of  itfelf,  nor  by  the  addition  of  a  fermentixig  fub- 
ftance ;  that  imperfe<9:ly  deprived  of  it,  and  Hkewifc  of 
moil  of  it's  cafeous  matter,  the  whey  afforded  very  Ht- 
tle  fpirit  after  the  acetous  fermentation  5  and,  on  the  con- 
trary, milk  that  had  been  fermented  by  conftant  agita- 
tion in  a  clofe  veiiel,  without  any  alteration  of  it's  parts, 
produced  the  mod  fpirit ;  and  that  a  ftill  larger  proportion 
was  obtained,  if  the  fermented  milk  was  not  immedi- 
ately dillilled,  but  left  to  ftand  fome  time,  as  it  bccam.e 
much  milder  refpe^ling  it's  acid.     He  took  fix  pounds  of 
cow's  milk,  put  it  into  a  glafs  with  a  narrov/  mouth,  let 
it  remain  in  it  two  months,  fhaking  it  well  two  or  three 
times  a  day.     During  the  agitation  a  great  quantity  of  an 
aerial  gas  was  extricated,  and  on  the  furface  there  was  a 
white  mafs   colle6led,  full  of  air  bladders,    which  dif- 
appeared  on  fhaking;  at  length,  the  cream  united  again 
with  the  cafeous  parts  and  whey,  and  perfectly  refembled 
frefh  drawn  milk  in  colour.     There  being  no  more  air, 
the  odour  was  very  four,  and  the  liquor  not  unpleafant, 
but  flrongly  acetous  and  fomewhat  vinous  to  the  tafle. 
He  then  let  this  la6leal  wine  fland  a  fortnight  longer,  in 
a  well  clofed  bottle,  when  he  found  it  was  become  much 
milder,  and  approached  the  la6leal   fpirit  in  tade.     By 
repeated  diflillation  he  obtained  three  ounces  of  a  very 
ftrong  fpirit,  which,  on  inflammat'on,  lofl  one  half.     It 
is  now  found  that  all  milks  contain  more  or  lefs  of  this 
fpirit;  and  it  was  remarked  by  Macquer,  long  ago,  that 
the  human  milk  on  flanding  acquires  in  a  fhort  time  a 
vinous  fmell  which  is  not  unpleafant ;  and  Voltelcn  has 
found,  that  on  diftillation,  the  human  milk  affords  a 
much  greater  quantity  of  a  gafeous  fluid  than  any  other 
milk. 
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General  re-  FroiTi  thc  atKilylis  and  phyfical  propcriies  of  the  dif- 
flcition*.  f^rent  forts  of  milk,  it  appears,  that  ihcir  odour,  favour, 
and  confiftencc,  arc  luch  nice  dKlinirullliing  characters, 
as  to  make  it  very  difficult  to  lay  hold  of  them,  unlefs  by 
a  further  comparifon.  They  all  poflefs  volatile  principles, 
thc  nature  of  which  we  arc  ignorant  of;  for  neither  the 
odoriferous  particles,  nor  thofe  which  give  them  flavour, 
have  been  obtained,  unlefs  in  combination  with  water. 
From  tlie  difference,  however,  of  their  ftriking  the  or- 
^■ans  of  fenfe,  we  may  conclude,  that  they  muft  necef- 
farily  differ  amongft  themfelves.  They  all  afford  cream  ; 
but  this,  which  is  thick  in  the  milk  of  the  cow,  is  flill 
more  fo  in  the  goat's  and  flicep's ;  whilfl  in  human,  afs's, 
and  mare's  milk,  Parmentier  always  found  it  lefs  abundant 
and  more  fluid,  which  make  them  approach  nearer  to  each 
other,  preferving,  however,  fliades  by  which  they  may 
be  diflinguiflied. 

In  the  various  kinds  of  butter  the  differences  are  flill 
more  marked  than  in  the  cream  ;  that  of  the  cow,  for 
inftance,  feparates  more  eafily,  and  once  feparated,  is 
no  longer  mifcible  either  with  milk  or  water;  in  confifl:- 
cnce  it  is  generally  pretty  firm  ;  the  butter  of  the  goat 
feparates  with  the  fame  facility  and  agrees  with  it  in  con- 
fidence, but  it  is  conftantlv  more  infipid  in  tafl:e;  whilfl: 
the  butter  of  the  flieep,  although  abundant,  remains  foft 
in  all  weather.  As  to  the  three  other  milks,  although 
Parmentier  was  not  able  to  extra61:  the  butter,  he  -has  no 
doubt  of  it's  exiftence. 

With  refpe6l  to  the  cafeous  matter,  it  differs  flill  more  ; 
that  of  thc  cow  flrft  appears  in  a  gelatinous  form,  being 
as   yet  impregnated  with  the   whey   in  which   it  was 
^  formed  ;  when  feparated,  it  becomes  in  fome  meafure 

fibrous.  The  curd  of  the  goat  has  nearly  the  fame  pro- 
perties ;  whilfl  that  of  the  flieep  is  always  of  a  vifcous 
confiftence.     In  the  human  milk,  the  cafeous  matter 
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never  feparates  fpontaneoufly  in  a  homogeneous  mafs  ;  it 
is  always  in  a  divided  itate,  preferving^after  it  is  colle<Sled 
a  fort  of  creamy  unduofity.  That  of  the  afs  has  indeed 
a  gelatinous  appearance,  but  deprived  of  it's  whey  it  lofes 
it  in  fome  raeafure  ;  whilft  the  curd  of  the  mare  refem. 
bles  it  by  forming  in  a  mafs,  but  with  greater  diffi- 
culty. 

It  appears,  therefore,  a  general  rule  may  be  ellablidied, 
viz.  that  every  fpecies  of  milk  incapable  of  furnifhing 
cafeous  matter  under  a  gelatinous  form  by  ordinary  means, 
will  never  afford  butter  to  be  compared  to  that  of  milk, 
the  coagulum  of  which  is  well  chara6lerifcd  ;  as  is  evi- 
dent from  the  human,  afs's,  and  mare's  milks,  which 
coagulate  ill,  and  afford  butter  with  difficulty;  whilft 
thofe  of  the  cow,  goat,  and  flieep,  which  coagulate  wdl, 
always  produce  firm  butter,  and  with  the  greatefl  fa- 
cility. 

With  refpccl  to  the  fermn  of  thefe  different  milks,  it 
varies  as  to  quantity  and  favour,  and  may  be  obtained 
clear  and  colourlefs  when  no  recourfc  is  had  to  fermen- 
tation or  the  fire.  It  is  afforded  in  large  quantity  by  the 
afs's,  mare's,  and  human  milks,  whilft  the  goat's  and 
cow's  give  lefs,  and  the  flieep'§  leaft  of  all. 

It  appears,  from  Parmentier's  txperiments,  that  of  all 
the  effential  parts  which  conftitute  the  different  milks, 
the  faccharine  part  was  the  only  one  in  which  no  differ- 
ence could  be  obferved;  it  had  the  fame  favour  and  colour 
in  all,  and  may  be  properly  denominated  the  ejfentlal  fait 
of  milk. 

With  refpeft  to  the  milk  of  animals  under  difeafe,  al- 
though it  is  conftantly  undergoing  changes  in  health, 
thefe  changes  are  infinitely  more  fenfible  when  they  are 
ill ;  but  it  appears,  the  moft  curious  circumftance  is,  that 
the  alteration  principally  takes  place  in  the  cafeous  part, 
which  is  the  only  part  in  milk  that  is  really  animalized  ; 
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and  it  appears  further  that  what  happens  to  milk,  takes 
place  equally  in  all  animal  fluids  ;  thus  in  the  blood,  the 
bile,  and  the  urine  of  an  animal  under  difcafe,  it  is  always 
the  lymphatic  part  that  undergoes  a  fpecies  of  decompo-^ 
filion  ;  whilft  the  ferous  and  faline  parts  fuffer  no  change. 
Parmenticr  obferved,  that  the  change  in  the  cafeous  part 
of  milk  varied  according  to  the  fpecies  of  the  difeafc. 

From  the  experiments  of  Stipriaan  on  the  above  milks, 
we  have  the  following  obfervations  :  he  found  the  milk 
of  the  afs  to  be  the  mod  aqueous  \  then  followed  that 
of  the  mare,  the  human,  the  cow's,  the  goat's,  and  leaft 
of  all  was  that  of  the  fheep. 

With  refpc£t  to  cream,  the  (lieep's  afforded  the  mofl ; 
then  the  human,  the  goat's,  the  cow's,  and  the  afs's  and 
mare's  gave  the  lead  quantity. 

Oi butter^ the  fhecp's  produced  thelargeft quantity;  then 
the  goat's,  the  cow's,  and  the  human  milk. 

Oi  cheej},  the  flieep's  had  the  preference;  then  the 
Croat's,  the  cow's,  afs's,  and  the  human  milk,  whiUt  the 
marc's  gave  the  lead  quantity. 

The  mod  fugar  was  extrafted  from  the  milk  of  the 
mare  ;  then  followed  the  human,  the  afs's,  and  the  goat's,- 
the  dieep's  gave  lefs,  and  the  cow's  lead  of  all. 

Such  are  the  obfervations  of  chemids  on  the  milks  of 
various  animals;  IVom  the  analyfis  of  which,  Parmentier 
has  divided  them  into  two  clajjes  ;  the  one  dnfs  comprehends 
thofe  Ynilks  which  abound  in  ferous  and  faline  parts,  as 
that  of  the  afs,  the  mare's,  and  the  human;  the  other ,  thofe 
which  are  rich  in  cafeous  and  butyraceous  parts,  as  thofe 
of  the  cow,  the  goat,  and  the  fheep  ;  "  in  fhort,"  fays 
that  experienced  chemid,  "  it  marks  the  fpecies  which 
is  to  be  preferred,  in  fuch  and  fuch  circumdances,  in  or- 
der to  pafs  from  one  kind  to  another,  and  even  fuc- 
cedively  from  the  ufe  of  one  milk  to  another,  without 
being  expofed  to  any  inconveniency." 
4 
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Whatever  may  have  been  the  different  opinlona  pif  ay- 
thors  with  refpeft  to  the  means  of  perfecting  the.biUyr^- 
ceous  and  cafeous  parts  of  milk  ;  there  is  no  doubt.bat 
that  the  means  of  increafing  it's  quantity^  and  of  making 
it  excel  in  quaUty,  is  to  nouriili  the.  animals  ..wfill  from 
which  it  is  drawn  j  by  keeping  them  clean  -;  often  renew- 
ing their  litter  5  milking  them  at  regular  periods :  and 
procuring  for  them  the  befl  food.     The  experiments  of  « 

Parmentier  have,  likewife,  proved  to  him,  that  milk  al- 
ways  participates    of  the    individual  from   which  it  is 
drawn,,  as  well  as  of  the  alimqnts  which  have  ferved  for 
it's  nouriftmient.     It  has  long  been  obferved,  that  plants 
communicate   to    the  milk  their  particular  favour  and 
odour  ;  thus,  bitter  plants  are  faid  to  give  it  their  bitter- 
ncfs  ;  the  garlic  it's  ftrong  and  difagreeable  tafte ;  that 
colour  is  given  to  it  by  fome  plants,  as  the  fafTron;  and 
their  purgative  quality  by  others  ;  that  Indian  corn  gives 
it  a  fweet  favour ;  and  the  more  aqueous  plants  render  it 
aqueous  and  infipid.     It  is,  however,  very  vyell  known, 
that  all  plants  do  not  contain  fugar  in  the  fame  quantity, 
whilft  many  do  not  contain  it  at  all ;  pbich  feems  to, 
prove,  that  from   it's  condancy  in  the  milk  of  .animals, 
the  animal  fyftem,  as  w^ell  as  vegetable,  has  the  property 
of  producing  it.  *^    But  if  the  favour  of  the  milk/'  favs  ■ 
Parmentier,  '' (independently  of  the  peculiar,  nature- of 
the  animal),  be  owing  to  the  reunion  of  the  different  prin- 
ciples that  conffitute  this  fluid  5  it  is  not  lefs  true,  that 
thefe  principles  receive,  on  the  part  of  vegetables,  charac- 
ters which  are  in  fome  fort  indelible.     If  plants  contain, 
for  example,  mucous  matter  in  abundance,  the  milk  will , 
give  a  great  deal  of  cafeous  matter,  and  it's  favour  will  be 
infipid  or  fweet.    If,  on  the  contrary,  they  are  very  aro- 
matic, the  butter  will  be  fapid,  from  the  affinity  of  the 
ffprit  re^feur  with  the  oily  matter.     In  the  fame  manner 
the  milk  will  be  coloured,  if  the  plants  contain  a  colour- 
YOJL.  I,  K 
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ing  matter,  foluble  in  one  of  the  principles ;  and  it  will 
abound  in  whey  or  ferum,  if  the  plants  contain  ifiuch 
humidity.  In  Ihort,  all  the  prodmSls  will  be  more  fine, 
more  folid,  and  more  perfeiSi,  according  to  the  tenuity 
oF  the  oilv,  mucilaginous  fubftances,  and  to  the  coria- 
ceous, hard,  and  fibrous  ftate  of  the  plants,  which  con- 
cur to  their  formation.  This  being  admitted,  it  is  eafy 
to  fee,  why  the  moft  perfeft  butter,  and  the  moftefleemed 
cheefes,  are  made  from  milk  of  cattle  nourifhed  in  mea- 
dows where  many  odoriferous  plants  grow  ;  and  when 
thefe  meadows  have  loft,  bv  exficcation,  their  per- 
fume, and  their  fuperabundant  humidity,  they  give  a  lefs 
delicate  and  more  firm  butter  ;  whilft  cows,  furnifhed 
fimply  with  the  ftalk  and  leaves  of  the  maize,  give  always 
a  fwect  milk,  an  infipid  and  firm  butter,  on  account  of 
the  infolubility  of  the  faccharine  body  in  the  butter,  of 
the  abfence  of  the  aromatic  part,  and  of  the  folidity  of 
the  vegetable.  It  will  further  explain,  why  the  milk  of 
the  cow  fed  by  potatoe  tops,  which  are  more  aqueous  than 
maize,  gives  equally  an  infipid  butter,  but  of  a  lefs  firm 
confidence;  why  the  cruciform  plants  communicate  a 
(Irong  tafle  to  butter,  whilfi;  the  whey  is  almoft  infipid  ; 
in  fiiort,  why  cows,  that  feed  in  moift  places,  give  milk 
lefs  rich  than  thofe  feeding  on  high  and  open  paflurcs. 
If,  th-erefore,  we  wifli  to  make  the  butter  and  cheefe  of 
cows  fed  in  the  firft  pafture  more  perfedl:,  fome  aroma- 
tic plants  muft  be  added  to  their  common  food;  whilft 
fucculent  and  inodorous  plants  mufl  be  added  to  thofe 
nouriflied  in  the  fecond  ;  for  good  pafturcs  depend  as 
much  on  the  foil  and  afpe^l  as  on  the  variety  of  plants  of 
which  they  are  compofed.  To  conclude;  the  foundation 
oftheopinion  of  thofe  authors,  who  fay,  that  manipulation 
does  every  thing  refpe6ting  the  quality  and  the.  quantity 
of  butter  and  cheefe,  and  the  paftures  nothing,  is  totally 
overthrown  by  reason  and  experience ;  for  the  influence 
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of  vegetables  on  the  nature  and  quantity  of  thefe  two 
produiSts  are  evident,  as  well  as  that  of  the  procelTes  em- 
ployed to  facilitate  them/' 

Jacquin's  Elements  of  Chemiftry,  p.  311.  London, 
1799. — Macquer's  Chemifches  WcErterbuch,  von.  G. 
Leonhardi,  art.  milch. — Anderion's  EfTays  on  Agricul- 
ture, vol.  2.  p.  70. — Beckmann's  Beytrsege,  3  torn. 
Leipfig,  art.  butter,  1783. — Pliny's  Natural  Hiftory, 
London,  1634. — T.  Voltelen  de  La£le  Humano  Obfer- 
vat.  Chimicse.  Lips.  1775. — J.  Bergius  Verfuche  mit 
Frauenmilch,  tranflated  from  the  Swedifh,  in  Crell'-s 
neueft.  Entd.  1.  f.  57. — G.  Aug.  Lichtenftein's  abhandL 
vom.  Milchzutker,  Brauns.  1775. — Annal.  de  Chim. 
tom.  10.  p.  200. — A  memoir  by  Dr.  Grieve  in  theTranf. 
of  the  Royal  Society  of  Edinburgh,  for  1788. — Sur  le 
Sucre  de  Lait  naturel  par  M.  Jahrig.  Journ.  de  phys. 
fjm.  2.  p.  368,  1791. — Eton's  Survey  of  the  Turkiih 
Empire. — Rouelle  in  the  Journ.  de  Mcdecine,  mar.  p. 
250, 1773. — Scheele's  works. — Hermbftadt's  chem.  Un- 
terfuch.  des  Milchzuckers  in  Crell's  n.  Entd.  tom.  5. — 
Memoir  pour  determiner  par  I'examen  compare  des  pro- 
prietes  phvliq.  8c  chimiques  la  nature  des  d iff,  reus  laits, 
&c.  par.  MefTrs.  Parmentier  and  Deyeux,  fem.  2.  p. 
361  415.  Journ.  de  phyfique,  1790. — Obfervalions  fur 
les  caves  Sc  fromages  de  Roquefort,  par  M.  Chaptal,  an. 
de  ch.  p.  31.  tom.  4. — Sur  le  beurre  8c  la  creme  da 
lait  de  vacbe,  par.  M.  Fourcroy,  ibid.  p.  166.  tom.  7. — 
Obfervations on  the  properties  commonly  attributed  by  me- 
dical writers  to  human  milk,  8cc.  by  Jos.  Clarke,  M.  D. 
p.  171.  Tranf.  of  the  Royal  Iriih  Acad,  for  1788. — 
Experiments  des  MefTrs.  Stipriaan,  Livifcius  et  D. 
Bondt,  in  the  Mem.  de  la  Societ.  de  Med.  a  Paris,  1787 
and  1788,  tranflated  into  German  in  Greli's  Chemifche 
Annalen,  f.  8,  p.  138.  1794- 
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GASTRIC   JUICE. 


A  men- 
ftruum  of  a 
peculiar 
kind. 


Neither  acid 
nur  alka- 
lline. 

Adion  of 
regents 
upon  it. 


Does  not 
patiid. 

Curdles 
n:ilk. 


J5i<iilled. 


The  gaftric  juice,  when  pure  and  in  a  healthy  ftate, 
is  a  thin,  tranfparent,  uninflammable  fluid,  fecreted 
into  the  ftomachs  of  animals  by  certain  glands  or  veflels 
fituate  in  the  coats  of  that  vifcus,  and  forming  a  mcn- 
flruum  of  a  peculiar  kind,  for  tjie  digeftion  of  the  va- 
rious aliments. 

It  has  no  fmell,  is  of  a  weak  faline  tafte,  and  colourlefs 
as  water.  It  is  neither  acid  nor  alkaline,  confequcntly 
does  not  change  the  colour  of  litmus  or  of  violets.  It 
unites  perfedlly  with  water.  When  mixed  with  alcohol, 
an  animal  portion  of  it  is  precipitated  in  the  form  of  a 
coagulum,  in  fmall  quantity  ;  by  Plenck  faid  to  be  of  an 
albuminous  nature,  by  others  to  be  gelatinous. 

It  neither  effervefces  with  acids  nor  with  alkalis,  nor 
is  coagulated  by  them.  It  is  more  diflicultly  frozen  than 
water.  It  undergoes  neither  the  acetous  nor  putrid  fer- 
mentation. 

It  curdles  the  cafeous  part  of  milkv  It  diiTolves  ve- 
getable or  animal  matter,  or  both,  according  to  the  nou- 
ridiment  of  the  animal.  From  the  experiments  of  Car- 
minati,  it  diflplves  iron,  crude  antimony,  the  flowers  of 
zinc,  and  corrofive  fublimate  ;  but  has  no  effeft  on  cop- 
per, cinnabar,  or  fulphur.     It  is  highly  antifeptic. 

It  is  eafily  evaporated,  and  by  a  gentle  diftillation  in  a 
water  bath,  it  affords  nothing  but  water,  which  is  nei- 
ther acid  nor  alkaline;  the  remainder  is  of  an  animal 
nature,  containing  a  little  muriat  of  foda ;  hence,  the 
gaflric  juice  when  pure,  and  taken  from  the  human  body 
in  a  (late  of  health,  is  compofed  of  water,  muriat  of 
foda^    and   an  animal  fubftance,   which,   according  to 
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ibmtf,  affords  phofpbat  o{  ammonia.  In  the  ftate  in  which 
it  is  generally  foiind  in  the  ftomachs  of  animals,  it  varies 
more  or  lefs  in  it's  properties^  not  only  in  the  fame  ani* 
mal  at  different  times,  but  in  thofe  whofe  organs  of  di- 
geftion  are  different  in  their  ftru6lure,  and  in  thefe  the  va- 
riety is  ft  ill  greater.  Much  likewife  depends  on  thenonrifh- 
ment,  powers  of  digeftion,  and  other  circumftances  difficult 
to  explain.  Thus,  it  may  be  generally  laid  down  as  a  rule, 
that  the  gaftric  juice  in  (he.  carnivorous  and  gra7nini'uorous  \Yht\\\xnjr 
claffes  of  animals,  which  have  only  one  ftomach,  is  acid,  {'"Jnd^i^ 
and  colours  the  fyrup  of  violets  re^  Jjj^^^  ^"J^ 

In  the  omnivorous^  fuch  as  man,  whofe  food  is  com-  in  oriicn 
pofed  both  of  vegetable  and  animal  diet,  it  is  neutral.       "^"^'-^  • 
In   the  graminivorous  ruminating  animals  with   four  in  others 
ftomachs,  and  particularly  in  the  adults,  it  foon  becomes  ^''"'^  '"*" 
putrid,  and  colours  the  fyrup  of  violets  green. 

It  appears,  however,  from  the  experiments  which  have 
been  made  ori  the  different  gaftric  juices,  that  they  have 
all  of  them  three  properties  in  common,  viz.  they  dif- 
folve  vegetable  and  animal  fubftances  with  more  or  lefs 
facility  ;  coagulate  the  cafeous  part  of  milk  \  and  polfe's 
an  antifeptic  quality. 

A  more  minute  examination  of  the  properties  of  the 
different  gaftric  juices  has  been  made  by  Carminatj, 
Brugnatelli,  and  Macquart. 

According  to  Carminati,  the  gaftric  juice  of  the  carr  Exreiir 
nivorous  clafs  of  birds,  fuch  as  falcons,  hawks,  herons,  JJe"^^ftHc 
and  owls,  differ  both  in  denfity  and  colour  ;  it  has,  how-  juice  oi  it.e 

.  carnivwruug 

ever,  m  all,  a  bitter  falme  tafte,  is  evidently  acid,  and  ciafs- 
examined  by  the  moift  w^ay,  belides  water,  contains  a 
dark  coloured  very  bitter  reiinons  matter,  with  a  pene- 
trating and  peculiar  odour ;  an  animal  fubftancc  of  the 
fame  colour,  very  little  ammoniacal,  and  a  greater  quanr 
tity  of  marine  fait.     In  the  dry  way,  the  products  of  difr 
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tillatioiiwere  much  water,  an  acid,  a  few  drops  of  an  acrid, 
fat  oil^  adhering  to  the  neck  of  the  receiver,  with  a  faline 
fubftance  affording  the  fmcll  of  ammonia.  The  caput 
mortuum  gave  cryttals  of  marine  fait,  and  the  incinerated 
afhes  a  little  iron  and  fome  calcareous  earth. 

The  experiments  of  Brugnatclli  on  the  gaftric  juice  of 
the  owl  agree  pretty  much  with  thofe  of  Carminati  ;  he 
found  it  to  be  lefs  aqueous  than  that  of  animals  which 
feed  on  vegetables^  of  a  dark  colour,  turbid,  and  a  fharp 
bitter  tafte,  and  a  penetrating,  acid,  rancid  f  i  ell ;  he 
found  it  contained  likewife  a  refmous  matter,  a  free  acid, 
and  a  little  common  fait  united  to  an  animal  matter  ;  it 
is  very  antfeptic.  Carminati  found  the  gaftric  juice  of 
graminivorous  nonruminating  animals,  as  the  rabbit. 
Sec,  to  have  the  fame  properties,  and  to  be  fmiilar  in  it's 
contents  to  that  of  the  carnivorous 

With  refpecl  to  the  c^nnivorous  clafs,  fuch  as  man,  cats, 
dogs,  crows,  &c.  he  obferved  that  their  gaftric  juice  was 
neutral  when  nouriftied  with  flefti  and  vegetables,  but  if 
only  with  fleih,  it  became  perfe6lly  fimilar  to  the  carni- 
vorous gaftric  juice  ;  on  diftillation,  he  obtained  a  water 
that  fometimes  became  alkaline,  owing  as  he  thought  to 
it's  being  impure,  for  when  frefti  the  water  was  infipid; 
the  reft  was  a  phlegm,  a  little  black  and  acid  oil,  and  the 
caput  mortuum  refembled  that  of  the  preceding  clafs, 

Erugnatelli  found  an  acid  in  all  animals  o:  that  clafs, 
or  in  cats  and  blackbirds,  &:c.  and  having  fed  them  with 
ftefti  a  few  days,  it  refembled  tli^t  of  the  owl.  He  kept 
an  owl  for  ten  days  on  vegetables;  it,  however,  did  not 
lofe  it's  acid,  but  only  became  more  aqueous.  He  attri- 
butes it  to  it's  drinking  water,  which  is  not  the  cafe  when 
fed  on  flefh.  He  found  the  gaftric  juice  acid  in  the  gra- 
nivorous  fowls,  fuch  as  pigeons,  quails,  ducks,  hens, 
&c. 
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Scopoll  trlluratetl  fome  gaftric  juice  of  the  cow  with 
cauftic  potafh  and  quick  lime,  and  he  diftin6lly  perceived 
an  urinous  and  acid  odour.  It  fenlibly  changed  violet 
lirup  green ;  poured  into  a  nitrous  folution  of  lilver,  it 
afforded  a  precipitate  that  refembJed  the  muriat  of  filver. 
Two  drachms  flowly  evaporated,  left  two  grains  of  a  grey 
matter,  which  had  a  difagreeable  odour,  deliquefced  in 
the  air,  and  did  not  eflfervefce  with  acids.  On  diftillation, 
it  afforded  an  empyreumatic  phlegm,  whilft  a  white 
matter  was  attaclied  to  the  fid.e  of  the  retort,  which,  when 
triturated  with  linie,  manifefted  an  urinous  odour ;  the 
r^fiduum  had  the  confiftence  of  an  extrati,  had  an  em- 
pyreumatic fmell,  faline  talk,  bitter  and  naufeousj  it 
neither  effervefced  with  acids  nor  alkalis,  and  put  into  a 
folution  of  potalli,  there  arofe  a  very  penetrating  odour 
of  volatile  alkali.  He  concludes  that  pure  gaftric  juice  is 
compofed  of  a  faponaceous  and  gelatinous  animal  fub.- 
fiance,  offal  ammoniac,  and  of  an  earth  finiijar  to  that 
which  all  animal  fluids  afford.  ^'  Sjnce  it  is  evident,'* 
fays  Morveau,  "  that  tbis  chemift  has  only  judged  of  the 
nature  oft^e  acid  by  the  appearance  of  the  faline  preci- 
pitate of  filver,  much  is  wanting  to  make  the  proof  fuffir 
cient,  fince  other  acids  Jikewife  precipitate  this  metal. 
Thefe  doubts  are  the  more  admiffible,  fince  the  author 
carries  the  confcquences  of  thefe  refults  to  a  greater  length  j 
he  goes  fo  far  as  even  to  fufpeft  that  the  muriatic  acid  is  the 
prcduSi  of  the  vital  power  in  animals  ',  he  looks  on  the  fa6l 
as  proved,  if  the  gaffric  juice  of  animals  nouriffied  with 
vegetables  like  wife  affords  fal  ammoniac;  and  Spallanzani 
affures  us,  that  after  having  fed  five  crows  for  fifteen  d^ys 
folely  on  vegetables,  he  found  the  gaftric  jujce  to  afford 
likewife  a  precipitate  of  Juna  cqrnea.^*  Other  experi- 
ments are  neceffary,  and  better  proofs  required  before  fo 
pew  a  fyffem  can  be  received,  or  before  the  nature  of  the 
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acid  can  be  determined,  which,  in  the  gaftric  juice,  put* 
the  ammonia  into  the  ftateof  a  neutral  ammoniacal  fait. 
Gnminivo-      The  prafnmivoroi^s  runiinatinff  clafs,  according:  to  Car- 
minati,  is  compofed  of  limilar  principles  to  the  preceding, 
if  a  portion  of  ammoniacal  fait  be  excepted  in  the  gaftric 
juice,  which  he  believes  to  be  in  reality  acid.     He  has, 
however,  found  the  gaftric  juice  of  lambs,  ftieep,  goats, 
and  herbivorous  calves,  taken  a  long  time  from  the  living 
or  dead  animal,  very  often  alkaline  fo   as   to   effervefce 
with  acids  ;  but  the  alkali  he  looks  upon  as  the  product  of 
the  putrefaction  of  the  herbs,  which  fojourn  a  long  time 
in  the  ftomachs  of  thefe  anim.als  ;  he  founds  his  opinion 
on   the  following  obfervations  :     ift.  the  gaftric  juice  of 
thefe  animals  is  often  found  acid.     2d.  it  is  always  To  in 
fucking  calves,  and  even  in  the  ox,  after  having  fafted 
fome  time,  or  rather  after  a  good  and  perfect  digeftion.  3d. 
frefti  grafs  digefted  in  pure  or  fait  water,  at  a  heat  between 
twenty-five  and  thirty  of  Reaumur,  becomes  alkaline  in 
a  few  days.    4th.  fimilar  grafs  being  plunged  in  the  gaf- 
tric juice  of  ruminating  animals,  whether  acid  or  alka- 
line, the  acid  jtiice  became  alkaline  in  the  fpace  of  four 
days  5  and  5thly,  the  gaftric  juice  of  ft^eep,  which  had 
fafted  a  long  time,  was  found  acid.     On  diftillation,   the 
gaftric  juice  of  this  clafs  at  firft  afforded  an  alkaline,  and 
afterward   an  acid  water ;  when,  on  concentrating  this 
water,  he  collected  a  little  acid  from  it  which  he  looks 
upon  as  an  animal  acid.     It  likewife  afforded  fome  am- 
moniacal fait,  which,  however,  is  not  always  the  caf^, 
and  an  empyreumatic  oil ;  the  reft  was  fimilar  to  the  pre- 
ceding. 

According  to  Brugnatelli,  the  gaftrlcjuice  of  this  clafs, 
fuch  as  the  fticep^  &e.  is  found  in  all  the  four  ftomachs, 
but  the  pureft  in  the  firft  :  it  is  very  aqueous,  in  oppoft- 
tion  to  that  of  the  carnivorous  clafs,  a  little  turbid,  and  of 
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a  pale  earthy  colour:  it  confifts  of  a  great  watery  por- 
tion of  volatile  alkali,  of  an  animal  extractive  matter, 
with  a  good  deal  of  Tea  fait :  it  is  bitter,  fliarp,  and  faline 
to  the  tafte  :  it  eafily  putrifies  in  fummer,  and  in  four  or 
five  days  fmells  like  rotten  eggs. 

Macquart  has  likewife  made  fome  experiments  on  the 
gaftric  juice  of  the  ox,  the  fheep,  and  the  calf.  The 
juice  from  the  ftomach  of  the  ox  he  collected  when  fad- 
ing ;  it  fmelled  like  ftraw,  to  which  was.fometimes  added 
a  refemblance  to  mufk  ;  each  animal  afforded  one  pound 
and  half,  which  he  filtered  and  preferved  in  bottles  for 
ufe,  but  it  was  impoffible  to  procure  it  clear  and  tranfpa- 
rent.   He  found  on  analyfis, 

ift.  That  one  pound  four  ounces  gave  ten  grains  of 
a  lymphatic  matter^  having  the  fame  properties  as  thai 
of  blood. 

2d.   l6^of  phofphoric  acid. 

3d.     5  grains  of  phofphatof  lime. 

4th.  2  ditto  of  refin. 

5th.  14  ditto  of  fal  ammoniac. 

6th.  29  ditto  of  muriat  of  foda. 

7th.  And  a  fmall  quantity  of  extract  remained  diffi- 
cult to  appreciate. 

8th.  The   quantity   of  water  was  one  pound,    three 
ounces,  fix  drachms,  and  67  grains  and  half. 


Total  1  lb.  4  ounces. 


The  ftomach  of  the  ftieep  contains  from  five  to  eight 
ounces  of  pure  vifcous  gaftric  juice,  of  a  deep  green  co- 
lour, and  more  difpofed  to  pivtrefa6lion  than  that  of  the 
ox  or  calf;  from  this  he  feparated  the  lymph  by  means 
of  heat ;  he  found  that  volatile  alkali  difcovered  the  pre- 
fence  of  the  phofphat  of  lime  ;  that  fpirit  of  wine  render- 
ed the  fal  ammoniac  and  refin  fenfible^  that  lime^  by 
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the  weight  of  the  precipitate  it  affords,  indicates  that  of 
the  difengaged  phofphoric  acid  ;  and  laftly,  his  analyfis 
procured  the  prefence  of  marine  fait.  One  poui^d  of  this 
gaftric  juice  afforded 

Lymph 64  grains. 

Phofphat  of  Hme  , .         10 

Muriat  of  arnmonia    I3.20 

Refin 10 

Phofphoric  acid    .'.10 

Marine  fait     I3.I8 

Extr^a  . .  /. 2 

Water loj     33  62 

Total lib. 


Hence,  according  to  Macquart,  the  gaftric  juices  of 
the  ox  and  fheep  are  of  the  fame  nature  j  but  the  ]a(l 
contains  more  ferum  and  extracSi:,  and  is  more  liable  to 
the  putrid  fermentation  in  confequence. 

The  ftomach  of  the  calf  Macquart  found  to  contain 
from  four  to  fix  ounces  of  gaflric  juice,  always  mi^^cd 
with  a  reddifh  grey  matter  with  much  hair.  When  fil- 
trated it  has  a  light  grey  colour,  precipitates  Knie  watpr, 
and  affords  a  white  depofit  by  the  addition  of  volatile 
alkali.  It  begins  to  ferment  in  five  or  fix  days  expofed 
to  a  temperature  of  20'''  of  Reaumur.  It  then  depofits  a 
white  powder  of  a  difagreeable  fmell.  It  contained  phof- 
phat of  lime  and  fulphat  of  lime  5  expofed  to  a  boiling 
heat,  it  depofits  but  very  little  cpagiilated  lymphatic; 
matter.     One  pound  of  this  gaftric  juice  afforded 

Lymph  ...........    4  grains 

-    Dry  jelly    24 

Sclenite      6  ' 

Phofphat  of  lime   ....  10 

Sal  ammoniac lij 
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La<5lic  acid    48  grains, 

Marme  fait     40 

Phofphoric  acid  ....  4 
-AiLiKjut  reckoning  the  fugar  and  the  extract  contained  in 
the  juice.  Hence  it  appears  that  the  gaftric  jqice  of  the 
calf  differs  from  both  the  preceding,  by  containing  a 
greater  quantity  of  gelatinous  matter,  fugar,  and  felenite. 
The  ditferenct  is  greater  from  the  laAic  acid  it  contains, 
which  is  in  great  abundance.  Macquart  found,  that  the 
proportion  of  the  principles  in  the  gallric  juices  of  animab 
varies  from  their  individual  fi:rcn2;th,  their  age,  and  more 
efpecially  from  the  nature  of  the  climate,  in  which  he 
agrees  with  other  chemids;  and  he  has  determined  that 
the  gaflric  juice  of  ruminating  animals  contains  the 
phofphoric  acid,  and  not  otiej'ui  givurij,  and  in  this  he 
has  been  fupportcd  by  Struve. 


OF   THE   ACIDITY    OF   THE    GASTRIC  JUICE. 

The  property  which  rennet  has  of  coagulating  theAciditvof 
cafifeous  part  of  milk  was  known  in  the  time  of  Diofco-  ju^cc*^''^*^ 
rides;  and  as  it  has  been  remarked  that  acids  had  the 
fame  eife6l,  it  was  natural  to  fuppofe  they  would  attribute 
this  property  in  rennet  to  it's  pofTefling  an  acid.  Many 
celebrated  writers  have  likewife  remarked,  that  the  gaftrlc 
juice  of  carnivorous  animals  is  acid.  Thus  Floyer  found 
it  acid  in  carnivorous  birds ;  Marfigli,  in  the  eagle ;  Vi- 
ridet,  in  carnivorous  fifh  ;  and  Lorenzini  in  the  cramp- 
fifh  ;  but  all  have  attributed  this  acidity  to  the  unnatural 
ftate  of  the  gaftric  juice.  With  refpe£l  to  rennet,  which 
is  the  dried  ftomach  of  the  calf;  it.is  the  fourth  ftomach 
of  the  rOminating  tribe  only  that  poffelfes  this  quality. 
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The  juice  found  in  the  craws  of  birds  has  not  this  pro- 
perty.    Macquer  looked  upon  it's  coaguhiting  property 
to  arife  from  the  remnant  of  four   milky  matter,  which 
he  thought  was  fufficient  to  coagulate  the  milk.     It  is, 
however,  now  proved  that   this  property  arifes  from  the 
nature  of  the  gaftric  juice  itfelf ;  that  this  virtue  is  com- 
municated even  to  the  coat  of  the  ftomach  itfelf,  and  to  a 
certain  point  to  the  neighbouring  parts  which  are  mod 
impregnated  with  it.     It  therefore  remains   to  examine 
whether  this  property  arifes  from  the  gaftric  juice  being  an 
acid,  or  from  it's  own  peculiar  nature.  Morveau  digcfted  at 
different  times  parts  of  the  interior  tunic  of  the  ftomach 
of  the  calf,  both  in  hot  and  cold  water,  previoufly  diftili- 
ed ;  he  then  ponred  fome  fpirit  of  wine  upon  it,  whi&h 
occafioned  a  precipitate,  and  he  always  found  that  the 
filtrated  liquor  fenfibly   changed   blue  water  to   a  red* 
According  to  Scopoli,  the  human  gaftric  juice  is  fome- 
times  acid,  and  at  other  times  not;  which  is  proved  by 
the  acid  or  iniipid  eructations,    either  when  fafting,  or 
during  the  time  of  digeftion.     The  gaftric  juice  there- 
fore, being  found  fo  very  generally  in  a  ftate  of  acidity, 
Morveau    has   placed  it    in   the  French^^Encyclop^die 
.  amongft  the  animal  acid's,  under  the  name  of  the  ga/lric 
acidy  doubting  at  the  fame  time  whether  it  be  an  eifential 
part  of  it's  nature.  From  the  experiments  of  Spallanzani, 
this  acid  quality  depends,  on  the  aliments,  for  birds  of 
/         prey  never  gave  the  leaft  fign  of  any  acidity  \  and  the 
fame  may  be  faid' of  frogs,  ferpents,  and  fifh.    He  found 
that  when  the   gaftric   juice    of    crows    afforded   him, 
figns  of  acidity,    they   had   been  nourifhed   on    vege- 
tables ;  and  the  fame  obfervation  might   be  applied  to 
dogs,  graminivorous  animals,  and  the  gallinaceous  clafs. 
Shells  and  coral  were  likewiTe  rendered  up  by  carnivorous 
birds,    without  having  undergone   the  leaft    alteration, 
uhich  would  not  have  been  the  cafe  if  the  juice  had  con- 
tained an  acid.     Spallanzani  likewife  fwallowed  calca- 
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yeous  Tub  fiances  enclofed  in  tubes,  which  he  found  wt:re 
only  diminiflied  when  he  ufed  vegetable  food  or  fruits  5 
and  that  when  he  fed  on  animal  food  they  were  always 
untouched.  The  teftimony  of  Gofle  of  Geneva  may 
likewife  be  adduced^  for  he  was  not  able  to  fuftain  any 
length  of  time  the  ufe  of  crude  vegetables,  from  the  fre- 
quency of  the  acid  eru6lations  they  occafioned.  In  fliort, 
Monck,  after  having  obferved  that  calcined'  magnefia 
was  not  in  any  way  foluble  in  the  gaftric  juices  of  differ- 
ent animals,  affirms,  that  he  hasfeen  the  gaftric  juice  vo- 
mited by  a  hypocondriac  perfon  to  be  acid,  effervefce 
ftrongly  wUh  crabs  eyes,  and  dilTolve  two  grains  df  cal- 
cined mgancfia. 

Spallanzani  is  of  opinion,  that  in  it's  natural  (late  the 
gaftric  juice  is  neither  acid  nor  alkaline,  but  neutral. 
His  reafon  for  thinking  fo  is,  that  the  acid  which  is  ma- 
nifeft  at  the  beginning. of  digeftion  in -^the  ftomach  of 
fome  animals,  conftantly  disappears  toward  the  end  of 
that  procefs,  and  is  very  inconftderable  ;  and  that  when 
gaftric  juices  are  poured  into  a  folution  of  the  carbonat  of 
potafh,  there  never  arifes  any  effervefccnce ;  which 
proves  that  they  either  contain  no  difengaged  acid,  or 
that  the  acid  is  not  fufficien'tly  powerful  to  difplace  the 
carbonic  acid. 

The  difference  in  the  rcfult  of  the  experiments  of  thofe 
Mho  have  inveftigated  this  liquor,  it  is  evident,  mud 
liave  arifen  from  the  difficulty  of  procifring  it  in  a  pure 
and  healthy  ftate,  for  it  would  appear  that  the  acidity  is 
owing  entirely  to  the  food.  It  is  well  known  that  vege- 
tables, when  expofed  to  a  heat  equal  to  that  of  the  fto- 
mach, are  very  prone  to  the  acetous  fermentation ;  and 
that  on  the  contrary,  animal  food  under  the  famj  circum- 
ftanees  tends  to  the  production  of  volatile  alkali  ,  and 
thefe  will  take  place  in  proportion  to  the  weaknefs  of  ths 
i!omach  ;  or  if  the  quantity  of  food  taken  in  exceeds  the 
power  of  the  gaftric  juice  to  prevent  them  ;  for  it  is  prov^- 
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cd  from  ejcperiment,  that  this  juice  when  pure  is  much 
difpofed  to  countera6\  either,  and  in  weak  ftoniachs,  fuch 
as  children,  the  contents  are  often  four,  as  is  eafily  known 
from  the  acid  eruftations  and  the  ufe  of  magnefia.  Like- 
wife,  that  food  in  carnivorous  animals,  when  taken  in  too 
great  quantity,  is  very  apt  to  tend  toward  the  putrid  fer- 
mentation, is  evident  from  the  putrid  erudations,  and  the 
difagreeable  fmell  of  dogs  and  other  animals  of  that  clafs, 
which  are  apt  to  eat  voracioufly.  It  would  feem,  there- 
fore, that  both  the  acid  and  the  alkali,  when  found  in  a 
fcparate  (late  in  the  gaftric  juice,  proceed  ffom  thefe 
caufes  ;  and  the  fame  thing  happens  in  vegeto-carnivo- 
rous  animals,  where  the  neutral  falts  are  found.  To  thefe 
it  may  be  added,  that  it's  not  being  always  found  to  have 
acid  properties,  is  a  proof  that  they  are  only  accidental, 
and  like  the  alkaline,  only  proceed  from  foreign  caufes  ; 
and  that  when  found  in  a  neutral  {late,  it  does  not  ap- 
pear to  alter  it's  properties  as  an  animal  and  vegetable 
menftruum,  which  would  be  the  cafe  if  it's  powers  de- 
pended on  it's  acidity.  But  the  experiments  of  Fordyce 
and  Hunter,  appear  to  put  the  matter  out  of  all  doubt* 
Dr.  Fordyce  found,  that  when  dogs  had  bread  for  their 
food,  which  is  not  their  natural  aliment,  in  about  four 
hours  after,  an  acid  was  difcovered  on  examining  that 
part  which  had  pafTed  into  the  beginning  of  the  duode- 
num ;  but  on  changing  the  food  for  meat,  no  acid  en- 
fued.  The  fame  with  refpe6t  to  ilieep  and  cows,  the  natu- 
ral food  of  which  is  vegetable ;  for  the  matter  at  the  begin- 
ning of  the  duodenum  in  thefe  animals  ihowed  not  the  leaft 
trace  of  acidity,  as  it  neither  changed  the  colour  of  red 
cherry  juice,  nor  litmus,  which  are  the  moil  delicate 
teds.  Hunter,  about  the  fame  time,  found  no  acid  in 
the  previous  or  digeftive  ftomach  of  rabbits,  and  other 
animals  of  the  fame  kind. 

Dr.  Fordyce  even  found,  that  when  the  ftomach  was 
in  perfect  health  and  vigour,  if  putrid  meat  was  conveyed 
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into  it,  as  being  fwallowed  by  a  dog,  it  was  rendered 
perfe<^^lv  fvveet  again.  The  inhabitants  about  the  mouth  of 
the  Orange  river^  in  Africa,  live  always  on  animal  food, 
which  is  ofren  putrid,  yet  they  are  flrong  and  healthy ; 
and  maggots  that  live  upon  and  in  putrid  mafTes,  are 
themfelves  perfe^^ly  fweet,  and  their  fluids  are  entirely 
free  from  the  lead  taint  of  putrefaclion. 


METHODS    OF    PROCURING    IT     IN    IT  S    PURE    STATE. 

Since  many  errors  may  have  arifen  from  the  difficulty  To  procure 
of  procurintr  the  sraftric  iuicc  in  a  pure  ftate,  from  it*s  -''^  &^/^"c 
being  eafily  affe6led  by  acid  or  rancid  fubRances  taken  P"'"'^  ^^^^^- 
into  the  flomach,  or  from  it*s  admixture  with  the  bile 
from   the  duodenum,  many  methods  have  been  invent- 
ed to  procure  it  in  a  (late  proper  for  experiments ;  three 
of  which  I  fliall  defcribe  as  being  the  lead  liable  to  mif- 
lead  the  chemift. 

Th^firji  and  mod  fimple  method  is  to  take  it  after  the  ift.  meiW 
death  of  the  animal  \  and  if  previous  to  this,  it  be  fufFered 
to  faft  for  fome  time,  it  will  not  only  be  obtained  in 
ei-eater  abundance,  but  the  danger  of  any  admixture  of 
the  aliments  will  be  decreafed.  It  was  in  this  manner 
that  Spallanzani  obtained  37  ounces  of  gaftric  juice  from 
the  two  firft  (lomachs  of  a  (heep,  after  it's  falling  two 
days  )  it  was  of  a  green  colour,  which  might  proceed 
from  a  fmall  quantity  of  grafs  remaining  there,  and  which 
is  a  proof  how  difficult  it  is  to  procure  it  perfectly  free 
from  other  fubdances.  He  likevvdfe  opened  fome  young 
crows  that  had  not  flown,  and  found  about  half  a  fpoon- 
ful,  which  was  more  than  he  could  get  from  adults. 
This  method,  however,  is  very  cruel,  and  will  fcarr.ely  • 
be  attempted  by  the  more  humane  philofopher,  whild  he 
has  other  means  in  his  power. 

A^/^fW  method  is  by  means  of  fponges.     Reaumur  |d.a-;e thud. 
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made  ufe  of  them  without  any  defence,  but  Spallanzani 
placed  them  in  little  thin  metallic  tubes,  pierced  with 
fmall  holes;  thefe  he  made  the   animals  fwallow.  He 
obliged  feme  crows  to  take  each  eight  of  thefe  tubes,  fuc- 
ceffirely,  when,  in  the  fpace  of  three  hours  and  a  half, 
they  were  vomited  up  again .  lie  coile6led  from  five  crov/s 
481  grains  of  gaftric  juice,  of  a  yellow,  tranfparent,  dirty 
colour,  faline  and  bitter  to  the  talle,  affording  very  litde 
fediment  if  the  bird  had  faded,  and  which  although  ex- 
pofcd  to  the  air  for  feveral  hours,   evaporated  very  little, 
and  extinguifhed  flame.     This  yellow  colour  and  bitter 
tafle  mo  ft  probably  arofe  from   the  bile,  as  well  as  the 
refinous  matter  which*  is  found  in  the  gaftric  juice. 
3d.  method.      A  third intthod  is  to  procure  it  in  the  morning,  fafting, 
by  exciting  vomiting;    in  this  manner,  Spallanzani  pro- 
cured it  twice,  by  irritating  his  throat  with  his  two  fore- 
fingers.    At  one  time  he  got  by    this  means  one  ounce 
thirty- two  grains  of  a  vifcous,  foamy  liquor,  which,  after 
having  depofited  a  flight  fediment,  became  as  limpid  as 
water ;  it  was  without  colour,  of  a  faline  tafte,  w^ithout 
any  bitternefs,  uninflammable,  eaiily  evaporated  on  the 
coals  in  an  open  veflTel,  but  in  a  clofe  one  kept  during  a 
month  in  a  very  hot  Italfcin  fummer,  without  either  change 
of  tafte  or  odour;  the  pain,  however,  which  he  fuflered 
from  the  irritation,  prevented  him  from  trying  the  expe- 
riment a  third  time  ;  and  Scopoii  has  remarked,  that  by 
this  means  only,  the  more  fluid  parts  are  obtained,  as  the 
thicker  portion  remains  attached  to  the  bottom  of  the* 
flomach,  and  is  only  to  be  procured  by  the  more  power- 
ful emetics,  fuch  as   tartar  emetic,  &c.    A  more  eafy 
and  profitable  way  gf  exciting  vomiting,  is  that  purfued 
by  GoflTe.     This  efi:imable  philofopher  has  the  power  of 
rendering  the  contents  of  his  flomach  by  fwallowing  air, 
which  a(Sls  as  an  emetic  ;   by  which  means  he  can  pro- 
cure the  gaflric  juice  in  a  much  purer  ftate  than  by  difTec- 
ytions.     To  this  it  may  be   added,  that  Spallanzani  has 
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remarked,  that  the  eagle  renders  a  gonfiderable  quantity 
of  gaftric  juice  fpontaneoufly,  in  a  morning  when  fading, 
exempt  from  foreign  matter,  of  an  afh-  cplour,  nearly  as 
fluid  as  water;  it  is  faline,  bitter,  uninflammable,  and 
has  the  fame  odour  as  other:  gaftric  flvj^ds  ;  he  procured 
about  fix  drachms  of  it  every  day,  by  placing  a  glafs  vef- 
fel  bpfore  the  bird.  Such  are  the  principal  methods  by 
which  this  fluid  may  be  obtained  in  as  pure  a  ftate  as 
it's  nature  and  fituation  will  admit  of;  but  there  is  reafon 
to  believe,  that  the  mucus,  and  ialiva  which  ^v^  conftantly 
mixing  with  it  in  the  ftomach  may  alter  it's  properties, 
whilft  the  bile  may  be  the  caufe  of  it's  refinous  bitter 
tafte  and  yellow  colour,  which  it  is  fometimes  known  to 
pofTefs. 

Befides  the  methods  juft  related  of  procuring  this  fluid  Experi- 
for  the  fake  of  experiments  out  of  the  body,  others  have  [he"gaftnc" 
been  invented  by  which  different'  experiments  have  been  j."^^'-'  |"  '^'^ 
made  on  the  powers  of  this  fluid,  whilft  it  remains  in 
the  fl:omach,  by  which  it's  a<Si:ion  on  different  fubftanccs 
may  be  better  known,  perhaps,  than  in  any  other  fitua- 
tion, and  when  extracted  from  it's  natural  vifcus.  This 
was  firfl:  introduced  by  Reaumur,  who  forced  fheep  to 
fwallow  fmall  tubes  of  metal  filkd  with  grafs  and  other 
herbs.  It  was  followed  by  Spallanzani,  who  has  em- 
ployed the  fame  method  on  a  great  number  of  different 
animals*  The  tubes  were  filled  with  the  food  peculiar  to 
the  animal,  or  with  other  fubftances,  and  were  examined 
either  on  being  rendered  by  the  anus,  or  by  exciting  vo- 
miting after  a  given  time,  or  by  opening  the  animal; 
whilft  fome  of  the  birds  vomited  them  fpontaneoufly  in 
a  few  hours  after  having  taken  them.  Spallanzani  and 
Goffe  tried  thefe  methods  on  themfelves  ;  The  firft  began 
by  fwallowing  fmall  purfes  of  roafted  or  raw  flefti,  or  filled 
with  bre^d,  &c.  Afterward  he  took  fmall  cylinders  of 
wood,  pierced  with  holes,   and  covered  over  wiUi  linen ; 
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but  with  refpeA  to  Gofle,  from  the  facility  of  rendering 
them  at  pleafure,  he  was  able  to  fwallow  different  fub- 
ftances,  to  keep  them  as  long  in  his  ftomach  as  he  tliought 
necelTary^  then  reftore  them  up  again  to  obfervc  and 
compare  the  progrefs  of  digeflion;  and  he  has  made  fo 
many  experiments  on  vegetable  and  animal  matters,  as 
to  be  able  to  form  them  into  different  claffes,  viz.  Thofe 
fubftances  which  appeared  to  him  indigeftible ;  thofe  in 
part  digeftt.t ;  thofe  of  eafy  digeflion  ;  thofe  which  haf- 
tened  digeflion  3  and  thofe  which  prevented  ordiminifh- 
ed  if. 

It  is  fuppofed  alfo  by  Brugnatelli,  that  the  white  mat- 
ter which  is  generally  found  in  large  quantity  in  the  ex- 
crements of  carnivorous  birds,  and  which  differs  very 
much  in  confiflence,  which  is  foluble  in  water,  and  gires 
aflraw  coloured  liquor,  is  a  portion  of  gaflric  juice,  and 
may  be  of  ufe  in  experiments.  Such  are  the  methods  em- 
ployed in  experiments  on  the  gaflric  fluid. 


ANTISEPTIC   QUALITY  OB!   GASTRIC    JUICE. 

I 

It's  amifep-     It  has  been  obferved  that  the  gaflric  juice  poffeffes  an 
^c  qua  ity.  ^j^^jfgp^j^.  quality,  by  which  it  not  only  preferves  itfelf 
from  putrefa6lion,  but  fubflances  which  are  put  into  it. 
Various  experiments  on  this  power  of  the  juice  has  beetl 
made,  amongfl  which  the  principal  are  thofe  by  Jurine> 
Carminati,  and  Spallanzani.     We  are  informed  by  Car- 
h\  carnivo-minati,  that  the  gaflric  juice  of  carnivorous  animals  was 
mai's^"*"     placed  in  veffels  expofed  to  the  air  and  heat  of  different 
feafons  ;  and  that  it  always  kept  good  and  free  from  pu- 
tridity until  it  became  perfectly  exfic^ated.    That  when 
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tl^is  gaftric  juice  was  mixed  with  blood,  or  poured  in 
different  quantities  on  frefh  and  corrupt  meats,  it  afford- 
ed various  proofs  of  it's  antifeptic  quality,  either  by 
preferving  them  from  corruption,  or  in  corre6ling  it  after 
it  had  taken  place;  and  it's  a6lion  is  the  more  certain  and 
fudden,  the  greater  the  quantity  of  the  gaftric  juice  em- 
ployed, relative  to  the  fubftance  to  which  it  is  added. 

Spallanzani  has  likewife  proved  the  antifeptic  power 
of  the  gaftric  juice.  He  found  that  to  produce  artificial 
digeftion,  little  or  no  folution  takes  place,  unlefs  the 
gaftric  fluid  employed  be  expofed  to  a  brifk  heat,  but  this 
heat  is  not  neceffary  for  it  to  retain  it's  antifeptic  powers. 
He  found  that  the  gaftric  juice  of  the  crow  and  dog  pre- 
ferved  veal  and  mutton  37  days  in  winter,  without  it's 
being  either  confumed  or  putrid  ;  whilft  the  fame  meats 
immerfed  in  water  emitted  a  fetid  fmell  on  the  7th, 
and  about  the  30th  day  were  changed  into  a  very  offen- 
iive  liquamen.  Yet  the  gaftric  juice  lofes  at  laft  it's 
antifeptic  quality,  even  though  kept  in  phials  perfe6l]y 
well  ftopped,  but  it  never  becomes  putrid  itfelf.  He 
found  that  flefli  whieh^had  an  infupportable  ftench  when 
put  into  the  gaftric  fluids  of  the  dog,  crow,  owl  and  ea- 
gle, during  the  month  of  March,  at  a  temperature  of 
from  eight  to  twelve  of  Reaumur,  kept  twenty  five  days, 
and  was  fomewhat  diminiflied  in  fmell,  but  not  the  leaft 
diffolved.  That  fowl  and  pigeon,  in  which  putrefa6lion 
was  far  advanced,  in  the  gaftric  fluid  of  a  dog  and  falcon, 
in  the  month  of  June,  was  reduced  to  a  jelly  in  37  hours, 
and  had  loft  moft  of  their  difgufting  fmell  :  hence  heat  is 
neceffary  in  this  cafe  ;  and  he  found  that  flefti  which  was 
become  putrid  in  the  craW  of  a  cockerel,  loft  it  on  arriv- 
ing in  the  ftomach.  Animals  of  cold  blood  he  found 
jnuch  longer  in  corre6ling  the  putrefaction  of  flefli,  from  ^ 

their  flow  digeftive  powers.     Hence  it  appears  from  thefe 
cxperifiients,    tlut  the  various  claffes  of  animals^  and 
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man  among  the  reft,  are  endowed  with  the  power  not 
only  of  checking  the  putrefaAion  of  fubflances  in  the 
flomach,  but  alfo  of  correcting  them  when  already  pu- 
trid. It  is  an  antifeptic,  however,  which  differs  from 
other  fubftances  poffeffing  that  property;  for  they,  while 
they  keep  away  putrefa<Slion,  preferve  or  redore  the  co- 
hefion  of  the  part§,  whilft  the  gailric  fluid,  being  at  once 
an  antifeptic  and  folvent,  preferves  or  corrects  putrefac- 
tion by  reducing  bodies. 

From  this  antifeptic  quality,  the  difgufling  manners  of 
thefe  animals,  who  delight  in  corrupted  and  putrid  fub- 
ftances, onght  no  longer  to  excite  furprife,  for  the  food, 
however  putrid,  muft  be  totally  changed  before  it  is  con- 
verted into  nutriment  and  animalized.  In  this  manner 
the  multitude  of  loathfome  infe6ls  and  worms  that  feed 
on  decayed  carcafes,  and  of  birds  and  quadrupeds,  fuch 
as  the  crow,  the  kite,  the  vulture,  the  jackal  and  the 
hyena,  that  feem  to  find  a  pleafure  in  tainted  flefh,  may 
devour  their  favoury  morfels  ;  and  whilft  other  animals 
are  flying  from  the  miafmata  arifing  from  fuch  putrid 
bodies,  thefe  may  enjoy  their  abominable  repafts  with 
impunity. 

Omnivc-  In  omnivorous  animals,  Carminati  obferved  the  fame  or 
nearly  the  fame  power  in  their  gaftric  juice,  as  in  the 
preceding. 

Gramlnivo-  Gra?mnhorous^  ruminating,  and  nonruminating  ani- 
mals, were  found  pofTeffed  of  the  fame  antifeptic  quality 
in  their  gaftric  juice,  as,  the  others  when  it  was  acid  ;  but 
when  alkaline,  it  corrupts  very  foon,  and  more  or  lefs 
fo  according  as  the  heat  is  greater  or  lefs,  and  it's  alca- 
lefcency  more  or  lefs  ftrong. 

We  are  informed  by  Jurine,  that  the  gaftric  juice  of 
the  ox,  in  the  common  temperature,  kept  inodorous 
about  30  hours,  that  at  the  end  of  4  8,  it  had  contra6led 
a  fetid  odour ;  mixed  with  flefti,  it  corrupted  in  8  hours. 
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In  an  ice  houfe,  and  the  bottle  flopped,  it  kept  14  days 
without  change.  It  may  be  obferved,  that  from  this 
antifeptic  quahty,  fome  phyficians  have  imagined  that 
Ihe  gaftric  juice  might  be  of  ufe  as  remedies  whether 
externally  or  internally  applied. 
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APPLICATION   OF   THE   GASTRIC  JUICE   IN    DISEASES. 

JuRiNE,  of  Geneva,  Foggia  and  Carminati,  have  tried  The  gaftrJc 
the  efTeds  of  this  liquor  in  different  difeafes,  and  with  i"mc^dictnr 
various  effeAs.     We  are  informed  by  the  firfl  phyfician^ 
that,  when  applied  externally,  \{{.  the  gaflric  juice  has  the  < 

property  of  curing  certainly  and  immediately  the  pains 
which  arife  from  bad  ulcers. 

2d.  That  it  ftimulates  and  deflrpys  difeafed  flefh,  and 
foftens  the  edges  of  callous  ulcers. 

3d.  That  it  diilipates  difagreeable  and  putrid  odours 
arifing  from  difeafed  parts. 

4th.  It  diminifhes  exceilive  fuppuration,  and  gives  it  a 
healthy  appearance. 

5th.  It  accelerates  the  cicatrix.  The  experiments  of 
Carminati  appear  to  fupport  thofe  of  Jurlne ;  he  found 
that  the  gaflric  juice  of  rooks,  and  of  the  Royflon  crow, 
kept  omnivorous  by  nourifhing  them  with  flefh  and  vege- 
tables ;  perfe6lly  cured  old  fetid  ulcers,  after  having  been 
bathed  with  it  two  or  three  times  a  day ;  that  it  produced 
a  fenfation  of  heat  during  the  two  or  three  firfl:  days  of  it's 
application.  He  found  the  gaflric  juice  of  carnivorous 
animals  polfeffed  this  property  in  an  eminent  degree,  and 
although  the  heat  it  produces  is  greater  than  that  from 
the  crow,  the  cure  is  much  quicker.     He  found  it  of 
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great  ufe  in  bad  venereal  ulcers,  in  flopping  the  progref? 
of  gangrene,  and  in  rendering  the  ichorous  humour  of  the 
cancer  more  mild,  taking  away  it's  fetid  odour,  and  di- 
minifliing  the  fliooting  pains  of  that  difeafe.  The  expe- 
riments of  Foggia  fupport  thofe  of  Jurine,  and  the  great 
beneficial  effc6ls  of  the  application  of  the  gaftric  juice  of 
graminivorous  animals  in  the  cure  of  ulcers  is  aflerted  by 
Dr.  Harnefs.  He  has  found  it  to  fucceed  in  more  than  100 
inftances,  where  fphacelushad  occurred  5  and  teftimonies 
of  it's  peculiar  good  effects  in  fimilar  cafes  are  given  by 
Jones,  a  fufgeon  to  the  naval  hofpital  atBaftia,  and  Read 
and  Buck,  two  of  his  principal  affiftants.  An  inftance 
of  the  cure  of  an  ulcer  by  Dr.  Harnefs  is  the  following, 
Thomas  Corben,  boatfwain  of  the  Egmont,  on  the  31  ft 
of  July,  1796,  had  an  ulcer  on  the  right  leg,  fix  inches 
in  length,  and  four  in  breadth;  the  margin  of  the  fur- 
rounding  integuments,  with  the  much  greater  portion 
of  the  furface  of  the  ulcer,  were  in  a  fphacelous  ftate.  The 
difcharge  was  fo  acrid  as  to  deilrov  every  part  it  came  into 
conta£t  with,  and  it  had  infinuated  itfelf  through  the 
■whole  length  of  the  gaftrocnemius  and  foleus  mufcles. 
The  whole  extremity  was  very  tenfe,  and  the  health  of 
the  patient  much  impaired.  He  had  recourfe  to  the 
gaftric  juice  of  a  bullock  killed  for  the  ufe  of  the  ftiips, 
from  which  three  pints  of  fluid  w^ere  obtained.  The  fur- 
face  of  the  ulcev  was  wafhed  with  it,  and  it  was  inje^led 
by  a  fyringe  into  the  finufes,  and  fuperflcial  dreflings  of 
lint  applied.  The  third  day  after  this  application  was 
begun,  upon  removing  the  drefifings,  the  whole  of  the 
fphacelated  parts  came  away,  and  expofed  a  large  por- 
tion of  the  tibia,  in  two  places.  To  thefe,  lint  dipped 
in  the  gaftric  juice  was  applied,  vi^hich  not  only  appeared 
to  prevent  difcoloration  and  exfoliation,  the  ufual  atten- 
dants; but,  on  the  contrary,  in  the  courfe  of  eight  days 
the  parts  thus  expofed  were  covered  with  granulations. 
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and  at  the  expiration  of  fourteen  days,  the  whole  of  the 
foft  parts  were  perfectly  reunited,  and  the  furface  of  the 
tilcers  reduced  to  a  fore  of  about  two  inches  and  half 
diameter,  with  granulations  fmall,  compaiSl,  and  of  a 
beautiful  fluid  colour,  Nov.  10,  it  was  perfectly  healed, 
and  the  patient  attended  to  the  duties  of  the  fhip.  He 
took  Peruvian  bark,  and  ufed  lemons  and  onions  during 
the  cure. 

Ufed  internally  in  indigeflion,  fuch  as  in  vomitings  gf 
acid  and  black  matter  after  eating,  and  in  other  difeafes 
l\'here  the  gaftric  juice  of  the  ftomach  had  loft  it's  ener- 
gy, Carminati  found  it  of  great  ufe.  The  dofe  was  one 
ounce  of  frefh  juice  from  the  ruminating  clafs,  taken 
daily.  Where  the  organ  itfelf  was  affe^led,  it  was  of  no 
ufe.  The  gaftric  juice  of  carnivorous  animals  he  found 
to  be  too  irritating  to  an  ulcer  of  the  ftomach,  until  it  had 
been  diluted  with  water.  He  likewife  cured  intermit- 
tents  with  it,  and  raifed  the  dofe  to  three  ounces  in  the 
daj^  He  obferves  that  the  juice  of  herbivorous  rumina- 
ting animals,  when  acid,  may  be  fubftituted  for  that  of 
the  carnivorous  clafs,  and  is  more  eaftly  procured. 

We  are  informed,  that  Carminati  w^as  capable  of  imi- 
tating the  gaftric  juice  of  the  carnivorous  clafs;  he  di- 
gefted  for  this  purpofe  two  drachms  of  frefh  veal  in  one 
ounce  of  fpring  water,  and  added  five  grains  of  common 
fait;  it  was  expofed  to  the  heat  of  about  lOO'^  of  Fahren- 
Jieit  for  fixteen  hours,  and  the  liquor  was  then  decanted. 
By  repeated  digeftion  with  frefti  flefh,  he  found  it  became 
much  ftronger  and  more  fimilar  to  the  natural  gaftric 
juice. 

According  to  Struve^  who  fays  that  the  phofphorlc 
acid  and  volatile  alkali  are  the  two  eflential  principles  of 
the  gaftric  juice,  a  liquor  may  be  made  which  produces 
a  fimilar  effect  upon  aliments.  ^ 
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and  Empe- 
docles 


If  we  look  back  into  antiquity,  we  (hall  find  that  th© 
earlieil  opinion  on  the  daufe  of  digeftion  was,  that  of 
Hipperates  putridity.  It  was  by  this  procefs  that  both  Hippocrates 
and  Enipedocles  fuppofed  the  food  when  taken  into  the 
iiomach  to  be  reduced  to  a  proper  ftate  for  the  fupport 
of  the  animal  fyftem. 

Galea  and  his  difciples  conceived  an  idea  that  it  was 
brought  about  by  heat. 

Van  Helmont,  whofe  wild  conjectures  can  only  be 
accounted  for  by  the  fpirit  and  enthufiafm  of  alchemy, 
which  raged  in  his  time,  attributed  digeftion  to  the  vital 
energy  of  the  foul,  which  rcfided,  as  he  thought,  in  the 
ftomach. 

Grew  and  Santarelli  were  of  opinion,  that  the  fpirits 
which  are  poured  forth  from  the  nerves  of  the  ftomach 
ferved  for  the  concottion  of  the  food. 

Boerhaave,  who  has  in  reality  only  attempted  to  re- 
concile the  variety  of  opinions  that  had  been  propofed 
before  him,  fuppofes  there  are  two  principal  agents  in 
this  vital  function,  viz.  the  different  fluids  that  are  col- 
lected in  the  ftomach,  and  the  mechanical  aftion  of  that 
organ.  The  fecondary  agents,  he  fuppofed,  are  heat, 
air,  the  nervous  fluid,  theremains  of  the  food,  and  an 
incipient  fermentation,  oppofing  it  in  the  extenfive  fenfe 
in  which  it  was  coniidered  before  him.  With  refpciSl  to 
the  gaftric  fluid,  his  ideas  appear  to  be  indeterminate, 
and  unfettled ;  he,  however,  conceived  that  it's  a6liou 
on  the  food  was  merely  as  a  f  niple  diluent,  like  water, 
when  heated  to  the  fame  temperature.  He  had  no  fuf- 
picion  of  it's  being  a  folvent,  or  that  it  was  capable  of 
ailing  upon  the  more  tenacious  and  Ijard  fubftances  that 
were  taken  in  as  food. 
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According  to  Pringle  and  Macbride^  digeftion  is  car-  piingie  and 
Tied  on  by  a  complete  fermentative  procefs.  The  food  *  '^*'^* 
divided  by  maftication,  and  penetrated  by  the  faliva,  be- 
gins,  as  foon  as  it  enters  the  ftomach,  to  be  agitated  by 
that  inteftine  motion  which  always  accompanies  fermen- 
tation ;  this  motion  is  excited  by  the  warmth  of  that 
vifcus^  by  the  old  remnants  of  the  food,  by  the  gaftric 
fluid,  and  more  particularly  by  the  faliva,  which  is  above 
all  adapted  to  produce  and  promote  this  procefs.  They 
fuppofed  that  the  firfl:  effeft  of  this  inteftine  commotion, 
is  to  raife  the  folid  parts  of  the  aliment  to  the  furface  of 
the  gaftric  liquor,  where  they  will  be  for  feme  time  fuf- 
tained  by  the  air  bubbles,  which,  on  their  ceafing,  muft 
fall  down  again  and  be  thoroughly  incorporated  with  the 
fluids  of  the  ft:omach.  This  mixture  is  rendered  dill 
more  complete  by  the  periftaltic  motion,  the  alternate 
preffure  of  the  diaphragm  and  abdominal  mufcles,  and 
the  continual  pulfation  of  the  adjacent  large  vefTels.  In 
this  ftate  the  food  pafifes  into  the  fmall  inteftines,  where 
the  fermentative  mption  produces  ftill  greater  changes  by 
the  aflliftance  of  the  bile  and  pancreatic  juices.  It  is  then 
converted  into  chyle. 

According  to  the  opinion  of  Haller,  the  gaftric  juice  Halier. 
is  more  or  lefs   acid  in   different  animals;  it's  aftion 
on  the  food  very  much  refembles  that  of  water,  in  which 
a  httle  fait  has  been  dilTolved,  which,  from  experience, 
is  known  to  poflefs  a  very  great  refolvent  power;  and  the 
'confequence  is,  that  an  incipient  fermentation  takes  place 
which  reduces   the   aliments  to  a  pultaceous  mafs.     In 
animals  that  feed  on  feeds,  this  procefs  is  affifted  by  tri- 
turation, Thefe,  with  many  other  fanciful  opinions,  took 
place  in  their  turn,  when  Cbefeldenby  chance  happened  Chefeiden. 
toconje6lure  right,  viz.  that  digeftion  was  performed  by 
fome  unknown  menftruum.  This  con jefture  was  confirmed 
byReaumurandSpallanzanijwho  have  proved  the  menftru-  Reaumur 
\imto be thegaftricjuice by anumberof experiments^ agene-  hnzaifif" 


202  FLUIDS, 

ral  view  of  which  it  will  be  neceffary  to  give.  Spallanzani 
mdtle  his  experiments  by  introducing  certain  fubftances, 
fuch  as  raw  vegetables.  Sec,  enclofed  in  fmall  perforated 
tubes,  and  caufing  animals  to  fwallow  them ;  he  then 
cither  deftroyed  the  animal  in  order  to  examine  it,  or 
waited  until  it  was  vomited  up.     The  animal  kingdom 
may  be  divided  into  three  kinds ;  thofe  whofe  ftomachs 
are  mufcular^   intermediate,   and  memlranous ;  the  laft  clafs 
is  infinitely  more  numerous  than  the  two  former. 
Stomachs.        Of  animals  wdth  mufcular  ftomachs,  fuch  as  fowls, 
turkeys,  ducks,  geefe,    doves,  pigeons,    &c.    the   food 
is    feeds,    fuch    as  wheat,   barley,    peafe,  &c.     When 
it  is  taken  fpontaneoufly  by  thefe  birds,  it  remains  fome 
time  in  the  craw,  where  it  is  macerated  and  becomes 
fofter  ;  it  is  then  conveyed  into  the  ftomach  or  gizzard, 
which  is  compofed  of  very  ftrong  mufcles,   capable  of 
grinding  not  only  the  grain  it  receives,  but  is  of  fuch 
force  as  even  to  reduce  fmall  pieces  of  glafs,  and  blunt 
the  points  of  needles  ;   by  this  means  the  food   is  tritu- 
rated and  reduced  very  fmall ;  it  is  then  converted,  by  the 
gaftric  juice  it  meets  with  in  this  vifcus,  into  a  pulta- 
ceous  mafs  called  chyme.     Spallanzani   found,  that  the 
gaftric  juice  of  this  clafs  digefts  flefli,  and  that  they   are 
for  the  moft  part  both  frugivorous  and  granivorous.     He 
found  it  diflblved  raw  flefh,  when  bruifed,  in  about  two 
days ;  but  when  entire,   four  and  fometimes  five  days 
were  neceffary.     It  diflblves  grain  only  when  bruifed  ; 
hence,  in  the  gallinaceous  clafs,  trituration  and  the  gaf- 
tric fluid  in  the  gizzard,  although  Reaumur  was  of  opi- 
nion it  contained  no  menftruum,  mutually  aflift  each 
ether ;  the  former,  by  breaking  down  the  aliments  in  a 
mechanical  way,  prepares  it  for  the  latter,  which  pene- 
trates it,  deftroys  it's  texture,  difTolves  it's  particles,  and 
difpofes  them  to  change  their  nature  and  become  animal- 
ized.     Spallanzani  thinks,  that  this  gaftric  fluid  found 
in  the  gizzard  proceeds  chiefly  from  the  cefophagus  5  thfr 
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chyme  he  found  to  be  a  femlfluid  pultaceous  mafs^  of 
a  whitifh  yellow  colour.  The  tranfparcncy  of  this  gaf- 
tric  juice,  in  a  ftate  of  purity,  is  little  inferior  to  water,  it 
is  fluid,  and  a  little  bitterifh  and  faline.  It  retains  out 
of  the  body,  when  warm,  the  power  of  diflblvins:  animal 
and  vegetable  fubftances  ;  but  it  muft  be  frefli,  for  if  kept 
in  veflels,  particularly  if  open,  it  lofes  it's  efficacy ;  it 
muft  not  have  been  ufcd  for  experiments,  and  likewife  a 
heat  equal  to  that  of  the  bird  is  neceifary,  othenvifc  it 
has  no  more  effe6l  than  water. 

The  ruminating  animals  of  the  third  clafs,  fuch  as 
flieep,  oxen,  &c.  very  much  refemble  this  clafs  of  birds 
in  their  manner  of  digefting  fubftances  5  in  both,  the 
gaftric  fluid  requires  an  agent  capable  of  breaking  down 
the  food,  before  it  can  diflblve  it.  The  hay  and  grafs,  in 
the  ruminating  tribe,  defcend  immediately  into  the  firft 
and  fecond  ftomachs  in  nearly  the  fameftate  as  when  firft 
browzed.  Here  they  are  foftened  by  the  juices,  as  feeds 
are  in  the  craws  of  birds  with  gizzards ;  but  as  the  fto- 
machs of  thefe  quadrupeds  have  no  triturating  power,  and 
the  aliment  requires  trituration,  it  afcends,  in  confe- 
quence  of  a  gentle  ftimulus  to  vomit,  into  the  cavity  of 
the  mouth,  where  by  means  of  rumination,  it  is  put 
into  the  fame  ftate  previous  to  being  digefted  by  the  gaf- 
tric fluid,  as  happens  to  the  food  in  the  ftomachs  of  gra- 
nrvorous  fowls,  after  they  have  been  properly  triturated 
by  the  gaftric  mufcks. 

Animals  with  intermediate  ftomachs,  fuch  as  ravens, 
crows,  herons,  &c.  have  mufcular  ftomachs,  which 
are  by  no  means  equal  in  force  to  the  ftomachs  of 
the  firft  claf^,  but  much  more  fo  than  thofe  of  the  third 
clafs.  Thefe  animals  poftefs  the  privilege  of  returning 
fubftances  they  are  incapable  of  digefting,  at  leaft  every 
nine,  and  in  general  every  two  or  three  hours ;  they  are 
omnivorous.    Their  gaftric  juice  does  not  diflblve  whole 
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feeds,  they  therefore  bruife  them  with  their  beak  and 
feet,  and  they  are  diflTolvcd  in  twenty-four  hours  ;  it  foon 
diflblves  flefti  and  cartilage,  but  not  bone.  The  fluid  in 
the  cefophagus  Spallanzani  found  inconfiderable  as  a 
menftruum,  when  compared  with  that  of  the  ftomach, 
lince  the  firft  was  fix  hours  in  diffblving  two  parts  of 
flerti,  and  the  fecond  one  hour  only  in  dilfolving  fix 
parts ;  confequently  the  cefophagal  liquor  in  the  craws  of 
the  gallinaceous,  is  different  from  that  in  this  clafs.  The 
refe?nbla?tcei  between  the  gaftric  fluids  of  thefe  two  claflTes 
may  be  reduced  to  five  :  firfl,  thefe  fluids,  befides  being 
alike  in  colour,  are  always  fait  and  bitter,  which  bitter- 
nefs  proceeds  from  the  bile  regurgitating  through  the  py- 
lorus into  the  fl;omach.  Secondly,  they  are  the  imme- 
diate agents  of  digeftion,  both  in  the  mufcular  and  inter- 
mediate fl:omachs,  independently  of  trituration.  Thirdly, 
the  fluids  avSl  in  the  fl;ornachs  of  thefe  two  clafles  of  birds 
in  the  fame  manner,  in  the  folution  of  the  food ;  they 
firft  foften,  and  next  convert  the  furface  into  a  jelly,  then 
produce  the  fame  effe6l  on  the  intermediate  parts,  infi- 
iiuating  themfelves  gradually  into  it's  fubftance  until  it  is 
completely  diflblved.  Fourthly,  they,  do  not  entirely ' 
lofe  their  folvent  power  as<foon  as  taken  out  of  the  flo- 
mach,  provided  they  be  heattd  to  a  proper  degree* 
Fifthly,  the  origins  whence  thefe  fluids  fpring  are 
nearly  the  fame,  viz.  the  follicular  glands  with  which 
their  organs  abound.  With  refpe6l  to  the  differences,  they 
are  in  part  reducible  to  the  inferior  efiicacy  of  the  gaftric 
fluid  in  mufcular,  to  that  of  the  fame  fluid  in  intermedi- 
ate flomachs.  The  gaftric  juice  of  the  firfl:  is  incapa- 
ble of  diflblving  the  fame  aliment  that  the  latter  readily 
diflblves.  Likewife,  the  food  which  each  kind  of  gaftric 
juice  decompofes  and  digefts  is  fooner  fubje6l  to  this 
change  from  that  which  belongs  to  intermediate  flo- 
machs 3  hence,  artificial  digeftion  fucceeds  much  fooner 
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with  the  firfl  than  -the  fecond.  The  fame  inefficacy  that 
the  gaftric  juices  of  birds  with  mufcular  ftomachs  ihows 
in  the  fokition  of  ahments  of  a  firm  texture,  extends  alfo 
to  their  oefophagal  juices  in  the  folution  of  foft  fubftances; 
■notwithftanding  the  latter  are  tolerably  well  decompofed 
by  the  oefophagal  juice  of  birds  with  intermediate  fto- 
machs. Another  very  ftriking  difference,  is  the  prodi- 
gious force  of  trituration  in  mufcular  flomachs,  and  the 
wcakncfs  of  the  other,  which  greatncfs  of  ftrength  was 
necefiary  in  birds,  whofe  food  is  of  confiderable  firmnefs, 
as  feeds. 

Animals   with  membranous  ftomachs,    fuch   as  frogs, 
newts,  fnakes,    fifh,    ruminating  animals,    carnivorous 
birds  and  beafls,  as  the  eagle,  falcon,  man,   dog,  cat, 
Sec.    This  clafs  is  infmiteiy  more  numerous  than  the  two 
former.     It  comprehends  nearly  all  the  quadrupeds,  fifh, 
reptiles,  birds  of  prey,  and  the  greater  part  of  infe6ts. 
FromSpallanzani's  experiments,  it  appears,  that  carnivo- 
rous birds  do  not  diffolve  vegetables,  and   throw  up  the 
indigeflible  part  every  twenty-four  hours ;  that  nature  in 
thefe   animals,    whofe  digeftion  depends  on  the  gaftric 
juice  alone,  without  any  previous  maflication  or  tritura- 
tion, has  provided  them  with  a  much  larger  quantity  of 
it  than  the  other  clalTcs  ;  that  digeftion  is  in  proportion 
to  the  quantity  of  this  fluid  ;  that  the  gaftric  juice  of  the 
ruminating  clafs  has  no  effedt  in  difTolving  plants  unlefs 
they  have  been  previoufly  macerated,  and  ground  by  the 
teeth ;  that  it's  colour  in  fheep  is  green,  and  yellow  in. 
cows ;  that  owls  digeft  flefh  and  bones,  but  not  grain;  that 
their  gaftric  juice  evaporates  fooner  than  water ;  that, 
that  of  the  eagle  diffolves  bread  and  bone;  it's  colour 
is    cineritious,  and  it  digefts  animal  and  vegetable  mat- 
ters out  of  the  body ;  that  a  wood  pigeon  may  be  brought 
by  degrees  to  live  on  flefh  ;  that  the  owl  and  falcon   do 
not  digeft  bread  ^  that  the  gaftric  juice  of  the  dog  dif- 
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folvcs  tlic  enamel  of  the  teeth  ;  and  that  trituration  is  ne- 
celTary  in  the  ruminating  order,  and  man,  which  is  pro- 
duced by  the  teeth,  as  in  gallinaceous  fowls  by  the  giz* 
zard ;  but  in  other  animals,  as  in  the  frog,  newt,  fer- 
pents,  and  birds  of  prey,  trituration  does  not  contribute  to 
digeftion. 

Hence,  in  every  order  of  animals,  the  gaftric  juice  is 
the  principal  caufe  of  digeftion,  and  it  agrees  in  all  in 
many  properties,  aud  differs  in  others.  In  the  frog,  the 
newt,  fcaly  fifties,  and  other  cold  animals,  it  produces 
digeftion  in  a  temperature  nearly  equal  to  that  of  the  at- 
mofphere.  In  warm  animals  it  is  incapable  of  diflblv- 
ing  the  aliment  in  a  degrcj  of  heat  lower  than  that  of  thefe 
animals.  In  warm  animals  the  food  is  digefted  in  a  few 
kours,  whereas  in  the  oppofite  kind  it  requires  feveral  days, 
and  even  weeks,  particularly  in  ferpents ;  likewife,  the 
gaftric  juice  of  the  gallinaceous  clafs  can  only  diffolve 
bodies  of  a  foft  and  yielding  texture,  and  previoufly  tri- 
turated j  whilft  in  others,  as  ferpents,  the  heron,  birds 
of  prey,  and  the  dog,  it  decompofes  fubftances  of  great 
tenacity,  as  ligaments  and  tendons ;  and  even  of  confi- 
derable  hardnefs,  as  the  moft  compa^i  bone.  Man  be- 
longs to  this  clafs,  but  his  gaftric  juice  feems  to  have  no 
a6lion  on  the  hardeft  kind  of  bones.  Some  fpecies,  like- 
wife,  are  incapable  of  digefting  vegetables,  as  birds  of 
prey ;  but  man,  the  dog,  cat,  crows,  &c.  diflblve  the 
individuals  of  both  kingdoms  alike,  and  are  omnivorous, 
and  in  general  their  gaftric  juices  produce  thefe  effe<5ls 
out  of  the  body. 

.  Hence,  the  diflblving  power  of  this  fluid  depends  on 
the  difference  of  the  nouriftiment,  and  by  fome  authors 
it  has  been  faid  to  be  the  caufe  of  hunofer  and  of  the  dlf- 
ference  in  the  choice  of  the  particular  ahment,  by  which 
power  the  carnivorous  only  enjoy  flefli;  the  graminivo- 


FLUIDS.  90f 

rous  and  ruminating,  only  vegetable  aliments,  and  no 
flefh ;  but  man  and  the  omnivorous,  both  vegetable  and 
animal  fubftances. 

It  is,  however,  aflerted  by  Carradori  as  decided,  that 
no6lurnal  birds  of  prey  are  capable  of  digefting  vegeta- 
bles. It  refults  from  his  experiments,  that  they  alfo  fup- 
port  themfelves  very  well  with  this  nouri(hment,  in  fpite 
of  their  repugnance  to  it.  If  this  be  the  cafe,  the  opi- 
nion is  erroneous,  that  the  gaftric  juice  of  thefe  birds 
had  only  an  affinity  with  animal  fubftances  ;  and  what 
he  has  eftablifhed,  viz.  that  carnivorous  animals  find  sl 
nutriment  in  the  produds  of  plants,  was  already  ren- 
dered probable  by  the  difcovery  of  Fourcroy  of  the  ex- 
iflence  of  gluten,  albumen,  and  gelatin  in  the  vegetable 
tribes.  Spall anzani,  however,  proves  the  infufficiency 
<&f  Carradori 's  experiments,  as  the  owl  died  when  con- 
fined to  vegetable  food. 

The  time  requifite  for  digeftion  is  different  in  different 
animals.  In  many  it  does  not  exceed  five  or  fix  hours, 
and  in  fome  it  is  much  fhorier. 

From  the  numerous  experiments  of  Goflfe  of  Geneva  Gofle. 
tipon  digeflion,  and  the  a^lion  which  the  gaflric  juice 
has  upon  different  fubflances,  great  light  has  been  afford- 
ed us  upon  this  interefling  fubjeft. 

He  informs  us,  that  in  about  one  hour  and  a  half  af- 
ter the  food  is  taken  into  the  flomach,  it  is  changed  into 
a  pultaceous  mafs ;  the  gaflric  juice,  likewife,  renders 
it  fluid,  without  altering  it*s  nature  ;  and  when  digeflion 
is  properly  carried  on,  there  is  no  appearance  of  acidity 
or  alcalefcence;  the  food  does  not  ferment ;  and  the  pro- 
cefs  of  digeflion  is  not  completed  until  the  fpace  of  be- 
tween two  and  three  hours  has  elapfed. 

The  chyme  which  arifes  from  aliments  taken  either 
from  the  animal  or  vegetable  kingdom  is  the  fame  3  they 
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both  are,  by  the  gaftric  fluid,  converted  into  the  fame  fub- 
ilance,  which  is  -  in  confequence  moft  probably  of  their 
both  containing  gelatin,  Sec,  li\  however,  the  digefting 
folventis  not  in  fufficicnt  quantity,  or  is  in  a  difeafed 
ftate,  the  acetous  fermentation  will  take  place  in  vege- 
table, and  the  putrid  in  animal  matter  ;  hence  milk,  ve- 
getable matter  containing  fugar,  wine,  and  even  fpirits 
will  degenerate,  when  left  to  their  fpontaneo.us  changes 
in  the  ftomach,  to  a  very  ftrong  acid,  and  fooner  fome-: 
times  than  out  of  the  body,  perhaps  from  the  heat,  &c. 
All  oily  fubftances  likewife  become  rancid,  and  flefh 
meat  putrid,  producing  acid  and  putrid  eruftations, 
which  is  never  the  cafe  in  a  flate  of  healthy  digeftion ; 
whilft,  in  many  animals  the  digeftion  is  fmifhed  before 
the  acetous  or  putrid  fermentation  can  begin. 

Subftances  infoluble  or  that  were  not  digefted  in  the  ufual 
time  in  the  ftomach. 

Animal  fubftances. 

1.  Tendinous  parts.  2.  Bones.  3.  Oily  or  fatty 
parts.     4.  Indurated  white   of  egg. 

Vegetable  fubftances. 

1.  Oily  or  em ul five  feeds.  2.  Expreffed  oils  of  dif- 
ferent nuts  and  kernels.  3.  Dried  grapes,  and  the  fkins 
of  fifti.  4.  Rind  of  farinaceous  fubftances.  5.  Pods 
of  beans  and  peafe.  6.  Skins  of  ftone  fruits.  7. 
Hufks  of  fruits  with  grains  or  feeds.  8.  CapfuleS 
of  fruit  with  grains.  9.  Ligneous  ftones  of  fruits.  10. 
It  does  not  deftroy  the  life  of  fome  feeds,  hence  bitter- 
fweet,  hemp,  mifletoe,  and  other  plants  which  fometimes 
grow  upon  trees,  are  produced  by  the  means  of  the  ex-r 
crements  of  birds,  the  kernels  of  the  feeds  being  de- 
fended f|*om  the  menftruum  by  their  exterior  covering, 

Subftances  partly  foluhky  or  parts  of  which  were  di- 
gefted. 
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Animal  fubftances. 

1.  Pork  dreffed  various  ways.  2.  Black  puddings.  3. 
Fritters  of  eggs,  fried  eggs  and  bacon. 

Vegetable  fubftances. 

1 .  Sallads  of  different  kinds  rendered  more  fo  when 
dreffed.  2.  White  of  cabbage,  lefs  foluble  than  red.  3. 
Beet,  cardoons,  onions,  and  leeks.  4.  Roots  of  fcurvy 
grafs,  red  and  yellow  carrots,  fuccory,  are  more  infoluble 
in  the  form  of  fallad  than  any  other  way.  5.  The  pulp  of 
fruit  with  feeds,  when  not  fluid.  6.  Warm  bread  and 
fweet  paftry,  from  their  producing  acidity.  7.  FrelTi  and 
dry  figs.  By  frying  all  the  fubftances  in  butter  or  oil 
they  became  ftill  lefs  foluble.  If  they  are  not  diffolved  in 
the  ftomach,  they  are,  however,  in  the  courfe  of  their 
paffage  through  the  inteftines. 

Subftances  foluble  or  cafy  of  digeftion,  and  which  are 
reduced  to  a  pulp  in  an  hour,  or  an  hour  and  half. 

Animal  fubftances. 

1 .  Veal,  larnb,  and  in  general  the  flefli  of  young  ani- 
mals, are  fooner  diffolved  than  that  of  old.  2.  Frefli  eggs  . 
3.  Cows  milk.  4.  Perch  boiled  with  a  little  fait  antt 
parfley.  When  fried  or  feafoned  with  oil_,  wine,  and 
white  fauce,  it  is  not  fo  foluble. 

Vegetable  fubftances. 

1.  Herbs,  as  fpinach  mixed  v/ith  forrel,  are  lefs  folu- 
ble. Celery.  Tops  of  afparagus,  hops  and  the  ornitho-^ 
galus  of  the  Pyrenees.  2.  Bottom  of  artichokes.  3.  Boiled 
pulp  of  fruits,  feafoned  with  fugar.  4.  Pulp  or  meal  of 
farinaceous  feeds,  o.  Different  forts  of  wheatea  bread, 
without  butter,  the  fecond  day  after  .baking,  the  cruft: 
more  fo  than  the  crumb.  Salted  bread  of  Geneva  more 
fo  than  that  of  Paris,  v/ithout  fait  5  brown  bread  in  pro- 
portion as  it  contains  more  bran  is  lefs  foluble.  Q.  Rape?^ 
turnips,  potatoes,  parfnips,  not  toQ  old.    7-  Gum  arable^ 
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but  it's  acid    is    foon  felt.     The  Arabians    ufe  It  a3 
food. 

Subftances  which  facilitated  the  menflrual  power  of  the 
gaflric  juice,  are  fea  fait,  fpices,  muftard,  fcurvy  grafs, 
horfe  radifli,  radi(h,  capers,  wine,  fpirits  in  fmall  quan- 
tities, chcefc,  particularly  when  old,  fugar,  various  bit- 
ters. 

Subftances  which  retarded  the  i^afkric  power  are  water, 
particularly  hot  and  taken  in  large  quantities.  It  occa- 
iions  the  food  to  pafs  into  the  inteftines  without  being 
properly  diffolved.  All  acids,  aflringents,  24  grains  of 
Peruvian  bai-k,  taken  half  an  hour  after  dinner,  flopped 
digeflion.  All  unctuous  fubftances,  kermes,  corrofive  fub- 
limate.  GofTe  likevvife  obferved,  that  employment  after 
a  meal  fufpended  or  retarded  digeftion,  as  well  as  leaning 
with  the.breaft  againft  a  table,  and  that  repofe  of  mind^ 
Tcrtical  pofition  and  gentle  exercife  facilitated  it. 

It  likewife  appears,  that  from  the  foluble  power  of  this 
fluid,  digeflion  goes  on  after  death,  but  it  is  far  lefs  con- 
liderable  than  in  the  living  animal;  that  in  fifhes  it  re- 
tains it's  property  of  digefling  flcfli,  but  in  an  inferior 
degree  to  that  of  birds  ;  and  that  in  feme  animals  heat  is 
neceffary  to  this  power  which  a6ls  independent  of  the- 
vital  power. 

Hunter  attributes  to  the  afiion  of  the  gaflric  juice,  the 
erofions  found  in  flomachs  of  thofe  who  have  died  fud- 
denly,  in  which,  fometimes,  the  great  curvature  of  that 
organ  is  entirely  confumed ;  he  often  found  them  on 
opening  dead  bodies,  the  edges  of  the  wounds  appearing 
like  half  digeftcd  food.  Spallanzani,  however,  although 
he  agrees  with  Hunter  that  digeftion  may  take  place  after 
death,  is  of  opinion  contrary  to  that  celebrated  anatomift, 
that  heat  is  neceflary. 
r.  George      Th?  Opinion  of  Dr.  George  Fordyce  appears  to  refem- 
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ble  and  (upport  thofe  of  Spallanzani  and  GoflTc.  Accord- 
ing to  this  chemiftj  from  the  nature  of  the  gaflric  juice 
and  it*s  a(Stion  upon  ciflferent  fubllance?^  when  the  flo- 
mach  is  in  health,  fo  as  to  fecrete  it  in  it's  pure  ftate,  the 
food  is  readily  digefted  whilft  in  weak  ftomachs ;  if  the 
food  be  in  too  large  a  quantity,  or  does  not  readily  enter 
into  the  digeftive  procefs,  or  is  a  fpecies  which  the  fto- 
mach  has  not  been  accuftomed  to,  the  vegetable  part  will 
go  into  the  acetous  fermentation,  and  produce  heartburn, 
vomiting,  &c.  and  the  animal  into  the  putrid,  whiHl  the 
putrid  matter,  either  by  it's  a£lion  upon  the  flomach,  or 
it's  introduction  into  the  fyftem  along  with  the  chyle,  he 
has  known  feveral  times  to  produce  a  putrid  and  malig- 
nant fever. 

He  is  of  opinion  that  the  fubftances  taken  into  the  flo- 
mach undergo  fuch  a  change  as  to  become  all  the  fame 
fubftance,  or  as  it  has  been  called  chyme,  and  that  it  is 
then  rendered  capable,  but  not  before,  of  being  converted 
into  chyle.  The  properties,  however,  of  chyme,  are  at 
prefent  unknown.  He  thinks  that  this  procefs  of  the 
flomach  is  the  moft  efTential  part  of  digeRion. 

The  properties  of  the  human  chyle  have  not  been  in-  chyi?, 
vefligated,  but  according  to  Dr.  Fordyce,  as  far  as  expe- 
riment has  been  carried,  the  chyle  of  quadrupeds,  a  clafs 
of  animals  in  which  man  is  to  be  ranked  as  far  as  he  is 
not  improved  by  culture,  is  fo  fimilar  as  not  to  be  diftin- 
guiflied,  not  even  in  naturLd  clafles  the  moft  oppolite  to 
each  other  in  their  food,  ftructure,  and  habits  of  life'. 
The  chyle  of  a  dog  or  of  a  wolf  differs  in  nothing,  *as 
far  as  experiment  has  gone,  from  that  of  a  flieep  or  of  an 
ox. 

The  chyle  confifts  of  three  parts,  one  part  which  is 
fluid  and  contained  in  the  la6leals,  but  coagulates  on  ex- 
travafation. 
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The  fecond  part  confifts  of  a  fluid,  which  is  coagulabic 
by  heat,  and  in  all  it's  properties  hitherto  obferved,  it  is 
confonant  to  the  ferum  of  the  blood. 

The  third  part  confifts  of  globules,  which  render  the 
whole  white  and  opake.  Thefe  globules  have  been  fup- 
pofed  by  many  to  be  an  exprefled  oil,  but  this  has  not 
been  proved.  Neither  has  it  been  perfeiSlly  demonftrated 
that  fugar  is  contained  in  the  chyle,  although  it  has  been 
made  very  probable.  The  difficulty  of  determining  thefe 
points  is,  the  fmall  quantity  that  can  be  colle6led,  the 
largcft  animals  not  fupplying  more  than  one  ounce  or 
two,  at  the  moft.  However,  the  part  coagulating  on 
extravafation  ;  the  part  agreeing  with  ferum  in  it's  quali- 
ties 3  the  globular  part,  which  in  fome  animals,  but  not 
in  quadrupeds,  exifts  without  giving  whitenefs  to  the 
chyle,  alone,  or  along  with  fugar,  form  the  eflential  parts 
of  the  chyle. 

A  great  many  fubftances  may  enter  the  latSleals  along 
with  the  chyle;  even  folids  reduced  to  a  fine  powder. 
'  When  indigo  has  been  thrown  into  the  inteftine  of  ^, 
fheep,  Dr.  Fordyce  has  feen  the  chyle  rendered  quite 
blue;  yet  indigo  is  not  foluble  in  water,  but  is  a  folid 
reduced  to  a  very  fine  powder.  Muik  likewife  gets  into 
the  chyle,  giving  it  a  ftrong  fmell,  and  a  great  variety  of 
other  fubftances  of  various  colours,  various  taftes,  and 
various  fmells  ;  each  of  them  giving  colour,  or  tafte,  or 
fmell  to  the  chyle.  The  ladleals,  however,  rejedl  fome 
fubftances  in  whatever  manner  they  are  applied;  amongft 
thefe  are  green  vitriol  and  infufion  of  galls,  for  the  chyle 
gives  no  colour  when  either  is  given  with  food  to  the 
animal,  or  thrown  into  the  inteftine,  and  it  is  afterward 
tried  by  them  as  tefts  of  each  other. 

According  to  Dr.  Fordyce,  the  chyle  is  not  formed  in 
thefiomach.     Milk  is  that  food  whiclx  comes  neareft  to 


the  chyle  in  it's  external  appearance,  and  as  it  is  formed 
for  the  noiirifhment  of  young  animals  whofe  digeftiv^ 
organs  are  weak,  and  neceffity  for  nourifhment  great, 
it  is  obvious,  that  chyle  is  ready  prepared,  or  nearly  fo, 
in  the  velfels  of  the  mother,  to  fave  the  powers  of  digef- 
tion  in  the  infant.  Yet,  on  this  entering  the  ftomach, 
there  is  a  juice  which  coagulates  it  in  a  few  minutes  after, 
retards  it  in  the  ftomach,  and  retains  it  there  for  a  confi- 
derable  length  of  time.  The  fame  is  produced  on  the 
white  of  egg,  and  ferum  of  the  blood.  This  of  itfelf  would 
fufficiently  prove  that  there  is  a  procefs  which  it  mull  go 
through  previous  to  it's  being  formed  into  chyle.  It  fur- 
ther appears,  that  food  diffolved  in  water  fo  as  to  form  a 
folution  not  capable  of  being  coagulated  and  not  detained 
in  the  ftomach,  gives  very  little  nouriftimcnt  in  propor- 
tion to  the  fame  quantity  of  the  fame  food  given  in  a 
folid  form,  or  a  coagulable  one.  Henceadecompofition 
and  recombination  take  place,  but  thefe  do  not  appear 
to  be  the  formation  of  chyle.  Another  circumftance  is, 
thatif  it  was  chyl?,  the  abforbents,  which  are  numerous 
in  the  ftomach,  would  take  it  up  as  faft  as  it  is  produced, 
And  would  have  the  appearance  of  and  a6lually  bela6leals, 
and  be  perceived  ;  but  if  a  living  animal  be  opened  at  any 
time  during  digeftion,  there  is  no  appearance  of  any 
chyle  abforbed  from  the  ftomach,  and  hence  there  is 
none  to  be  abforbed.  If  we  throw  milk  into  a  portion  of 
the  jejunum,  it  will  be  abforbed  by  the  la8:eals,  but  if 
thrown  into  the  ftomach  of  the  fame  animal,  the  milk 
will  not  be  abforbed  by  the  lymphatics  ;  hence  it  maybe 
faid  that  the  abforbents  of  the  ftomach  refufe  what  thofe 
of  the  jejunum  readily  take  up  ;  but  the  cafe  is,  that  the 
milk  is  inftantly  coagulated  in  the  ftomach,  and  not  in 
thejejunum,  which  coagulation  will  perfectly  prevent  it 
from  being  abforbed  ;  but  all  thofe  fubftances  which  are 
not  changed  by  the  coagulating  jiiice  of  the  ftomach  are 
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eqiiall5  taitjen  up  by  the  lymphatics  in  the.  ftomach  and 
lafteals. 

It  therefore  appears  that  the  ufe  of  the  flomach  is  only 
to  ch.'inge  the  food  into  a  new  fubftance^  the  chyme, 
which  is  the  only  (ubftance  that  can  be  converted  into 
chyle.  When  this  chyme  is  propelled  into  the  duode- 
num, it  is  then  converted  into  chyle,  and  not  before  ; 
but  the  duodenum  cannot  have  this  action  upon  it,  unlefs 
it  has  preyioufly  undergone  the  allien  of  the  flomach. 
There  is  nothing,  therefore,  in  the  whole  dodlrine  of 
different  fpecies  of  food  which  can  have  any  refpeft  to 
"any  part  of  the  body,  excepting^  the  flomach  itfelf ;  for 
only  thofe  parts  of  it  that  are  converted  into  chyme  will 
pafs  into  the  duodenum  and  be  converted  into  chyle ; 
the  other  parts  that  have  not  undergone  this  change  in 
the  flomach  will  pafs  through  the  duodenum  unchang- 
ed, and  be  evacuated.  So  that  according  to  Dr.  For- 
dyce,  it  is  perfectly  immaterial  what  is  the  fpecies  of 
food,  farinaceous  matter,  animal  mucilage,  apples,  po- 
tatoes, wheat,  mufhrooms  or  oyfters,  beef,  veal,  chicken, 
falmon  or  goofe.  So  long  as  it  has  undergone  the  pro- 
cefs  of  the,.ft6mach,  and  is  converted  into  the  matter 
formed  by  that  prorefs,  it  ^ives  equally  good  nourifh- 
ment,  and  is  equally  innoxious,  becaufe  it  becomes  ex- 
aftly  the  fame.  Sometimes  a  little  whitifli  matter  is 
fcen  about  the  pylorus,  but  this  is  not  perfeft  chyle,  for 
it  is  not  feen  in  the  abforbents  of  the  ftomach,  even  al- 
though in  the  middle  of  digeftion  the  pylorus  be  tied 
round  by  introducing  a  piece  of  tape,  forming  a  lirrature 
round  it,  and  retaining  the  remaining  food  in  the  fto- 
mach. The  matter,  therefore,  formed  in  the  flomach, 
is  converted  into  chyle  in  the  duodenum,  and  continues 
to  be  converted  in  the  jejunum. 

As  the  coagulating  juice  of  the  flomach,  as  far  as  can 
be  judged,  does  not  enter  into  the  matter  or  chyme  form-* 
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cd  in  the  ftomach  fronvthe  food^  nor  the  other  jujces  of 
the  ftomach^  only  in  fo  far  as  they  fupply  water  ;  fo  nei- 
ther do  the  juices  of  the  duodenum^  the  bile,  pancre- 
atic juice,  or  fluids  fecreted  in  theglands  of  thed  uode- 
num,  or  which  may  pafs  through  the  exhalants,  at  all 
appear  to  enter  into  any  part  of  the  cilyle.  For,  accord- 
ing to  Dr.  Fordyce,  if  the  duftus  communis  choledochus 
be  obfl;ru<9:e.d  by  a  ftone,  or  if  the  body  of  an  animal  be 
opened  when  food  has  been  thrown  into  the  ftomach, 
and  the  du6l  be  tied  up,  by  which  the  bile  is  prevented 
from  getting  into  th^  duodenum  ;  in  either  cafe  the  chyle 
is  formed  withont  any  particle  of  bile  being  admitted ; 
^nd  the  fame  may  be  faid  of  the  pancreatic  juice  ;  fo  that 
chyle  is  folely  the  produ(9:  of  the  matter  formed  by  the 
digeftive  p^rocefs  of  the  ftomach.  The  chyle  is  always 
the  fame,  but  not  always  in  the  fame  proportion  to  the 
-quantity  of  food.  Scarcely  any  digeftihle  ma:tter  is  ever 
found  in  the  duodenum,  in  the  form  it  was  thrown  into 
the  ftomach  ;  hence  all   of  it  feems  tp   undergo  fyme 
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BILE. 


This  is  a  yellowlfli  green  fluid,  which  is  feparated  from  Bile. 
the  blood  by  means  of  the  liver,  a  vifcus  occupying  a  very 
large  fpace  in  the  animal  body.  In  man,  and  in  the 
generality  of  quadrupeds,  birds,  &c.  there  is  a  refer- 
voirattached  to  this  organ,  which  contains  this  fluid 
in  more  or  lefs  quantity ;  in  man,  it  has  been  computed 
at  an  ounce  on  an  average ;  but  in  the  elephant,  fta^,  and 
jn  all  infeds  and  worms,  this  refervoir  is  wanting. 

The  bile  in  man,  and  in  quadrupeds,  &c.  is  not  only 
collected  in  the  gall  bladder,  from  whence  it  is  conveyed 
by  the  cyftic  duft,  but  another  portion  of  bile  is  brought 
dire«Slly  from  the  liver  itfelf,  and  flowing  into  the  hepa- 
tic duift,  joins  the  cyftic  by  the  name  of  the  duftus 
choledochus  communis,  and  enters  the  duodenum;  hence 
the  bile  may  be  divided  into  the  hepatic  and  cyftic. 

1 .  The  hepatic  h'lle  has  not  as  yet  undergone  any  che-  Two  kin4s. 
mical  inveftigation ;  it  is,  however,  faid  to  be  milder  in 
it's  tafte,  lefs  highly  coloured,  and  thinner  in  confiftence 
than  the  <:yftic. 

^  Th6  cyftic  biky  when  pure  and  in  a  healthy  ftate,  is  Cyftic  bile, 
of  a  green  colour,  inclining  to  a  yellow;  this,  however, 
appears  to  depend  on  the  quantity  of  aqueous  fluid  it  ^^^  proper. 
contains;  for  when  diluted,  this  yellow  tinge  is  very 
Gonfpicuous  ;  and  when  in  a  more  concentrated  ftate,  it  . 
is  of  a  deep  green.  In  the  greater  number  of  quadrupeds, 
and  in  man,  it  is  of  a  yellowifli  green,  hut  in  birds,  ovi^ 
parous  animals  and  fifti,  itisconftantly  green  ;  it  is  like- 
wife  faid  to  be  much  darker  in  carnivorous  than  in  grami- 
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nn^orons  animals.  In  difeafes  it  is  of  ali  (hades,  from  a 
■  paliid  hue  to  a  direct  black  ;  thus  in  cachexy  and  dropfy 
it  is  very  pale  ;  whilll  in  melancholia,  yellow  fever,  and 
plague,  it  approaches  more  or  lefs  to  a  black.  There  are 
mO^anccs  of  it's  being  afFe<Sted  by  aliments,  and  of  it's 
being  tinged  by  the  ufi6  of  diflferent  vegetables. 

It's  favour  is  veiy  bitter,  accompanied  with  a  certain 
degree  of  pungency;  if,  hcnvever,  aloes  be  mixed  with 
k,  the  produ6lion  is  faid  to  be  a  fweetifti  talle.  This 
natural  favour  is  ftronger  in  the  bile  of  carnivorous  than 
of  herbivorous  animals,  and  in  oviparous  quadrupeds  it 
is  fai-d  to  be  exceedingly  pungent,  but  not  very  bitter ; 
and  the  fame  is  the  cafe  with  that  of  fjfh  ;  whilft  exam- 
ples are  recorded  of  this  fluid  'becoming  fomewhat  acetous 
to  the  tafte. 

In  confidence,  it  is  vifcous  and  tenacious,  refembling 
a  firup  or  oil,  and  when  agitated  in  a  phial  it  foams  like 
ft)ap  water.  On  it's  firfi:  flowing  into  the  gall  bladder, 
it  is  more  aqueous  than  after  it  has  refidcd  there  fome 
time,  and  at  times  it  is  found  in  part  coagulated.  This 
tenacity  in  the  bile  Dr.  Saunders  fcems  inclined  to  ex- 
plain, from  it's  being  a  compound  fluid,  confifting  in 
part  of  genuine  bile,  with  a  portion  of  the  mucus  fccret- 
td  by  the  gall  bladder. 

The  confiftence,  tafte,  and  colour,  however,  are  pro- 
perties of  this  fluid  which  appear  to  depend  on  the  fame 
caufe,  for  the  more  aqueous  it  is,  the  more  light  colour- 
ed and  lefs  bitter;  on  the  contrary,  if  it's  vifcidity  be  in- 
creafed,  it's  favour  and  colour  are  of  confequence  increafed- 
in  ftrength ;  and  it  is  found  to  be  more  vifcid,  more 
'  bitter,  and  deeper  coloured  in  the  gall  bladder  than  as  it 
flows  from  the  liver,  from  the  aqueous  parts  being  taken 
tsp  by  the  abforbents-.  In  adult  animals  in  health,  it  is 
l^kevvife  more  vifcid,  deeper  coloured,  and  more  bitter 
Vhan  in  younger  ones,  whilfl  in  the  foetus,  it  is  faid  to  be 
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fweetifli,  very  aqueou?  and  of  a  reddifh  hue.  It  is  like- 
wife  more  vifcoiis  in  man  than  in  quadrupeds. 
In  difeafes  thefe  diflferenccs  are  more  evident. 
It's  odour  is  difgufting  and  naufeous,  but  in  fome  ani^ 
iTials,  when  frefli,  it  is  faid  to  poflefs  an  agreeable  fmell 
limilar  to  tliat  of  mufk ',  whilft  in  others,  this  mufky 
fmell  may  be  obtained  by  evaporation,  or  they  obtain  it 
fpontaneoufly  by  putrefa61:ion. 

It  is  fpecifically  heavier  than  diftilled  water,  but  it  dif- 
fers greatly  in  this  refpc6l ;  according  to  Mufchenbrceck, 
the  proportion  is  as  1,0246  to  1,0000. 

Diluted  with  a  little  water,' it  changes  the  firup  of  vio- 
lets green. 

It  is  perfeilly  foluble  in  water,  and  affords  a  clear  folu- 
tion  of  3.  more  or  lefs  yellow  colour,  according  to  the 
quantity  of  menftruum. 

All  the  acids  on  being  added  to  this  fluid,  decompofe 
it  in  the  manner  of  foaps  and  alfo  produce  a  coagulation 
of  the  albumen.  If  the  mixture  be  filtrated,  and  the  liquor 
evaporated,  a  neutral  fait  is  obtained,  compofed  of  the 
acid  employed  and  foda.     This  beautiful  experiment  is 
due  to  Cadet,  and  fhows  the  prefencc  of  foda  in  the  bile.  The  pre- 
According  to  Fourcroy,  the  matter  left  on  the  filter  is  ^Tii^bfif " 
thick  and  vifcous,  and  compofed  of  two  diflercntfubftan- 
ces;  the  one  is  the  coagulated  albumen,  the  other  a  bitter  Albumen 
and  very  inflammable  matter,  varying  in  colour  and  con-  ^'^'^  ^^''^ 
fiftence  according  to  the  degree  of  concentration  of  the 
acid  employed  to  feparate  it. 

Thefe  acids  affect  the  colour  of  the  bile  3  thus,  by  the  Acids  affea 
fulphuric,  a  deep  green  is  produced  ;  the  nitric,  when  a  '^'^  coLur, 
little  concentrated,  gives  it  a  brilliant  yellow,  and  the 
muriatic  a  very  beautiRil  clear  green.  Thefe  colourS;^ 
however,  vary  according  to  the  ftate  of  the  bile  and  the 
acids.  If  bile  be  previonfly  dilated  with  water  before  the 
addition  of  the  acids^  we  arc  informed  by  Hildebrandt 
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that  the  part  which  is  pot  coagulated  remains  dilTolved  in 
the  water.     The  precipitate  above  mentioned  has   been 
looked  upon,  particularly  by  Van  Bochante,  a  chemift 
of  BrulTelsj  (in  a  diflertation  on  the  colouring  matter  of 
the  bile,)   as  a  fub fiance  analogous  to  the  refins.     On 
being  placed  upon  red  hot  coals,  it  fwells,  melts,  and 
inflames ;  it  is  totally  diflblved  by  alcohol,  and  precipi- 
tated again  by  water,  like  the  refinous  juices.     Accord- 
-Thc  aaion   iug  to  Fourcroy,  the  a6lion  of  the  acids  fhows,  that  the 
protes'uie    ^^^^  ^^  ^  ^^^^  ^*^^P  ^^^i^^d  of  an  oil  analogous  to  the  refins  ; 
bile  to  be  a  united  to  foda,  they  likewife  announce  the  prefence  of  a 

real  loap.  ^  -^  ^  ^ 

certain  quantity  of  albuminous  matter  in  this  animal 
liquor,  which  is  the  caufe  of  it's  being  coagulated  by 
them,  as  well  as  by  heat  and  alcohol,  as  will  foon  appear. 
It  is  likewife  this  part  of  the  bile  that  undergoes  the 
put'rid  fermentation. 
The  colour  According  to  the  fame  chanift,  the  oxygenated  mu- 
by  oxygen-  riatic  acid  deflroys  the  colour  of  bile,  and  coagulates  it's 
iicacTtT"^"  albumen,  which.is  precipitated  in  the  ftate  of  white  flocks  j 
the  biliary  foap  remains  in  folution,  which  in  appearance- 
is  nothing  but  pure  water,  having  loft  it's  colour  and 
odour,  and  only  preserving  all  it's  bitternefs.  If  more 
of  the  acid  has  been  added  than  is  fufficient  to  coagulate 
the  albumen,  the  excefs  adis  by  degrees  upon  the  oil  of 
the  foap,  and  returning  again  to  ordinary  muriatic  acid, 
decompofes  a  part  of  the  foap  and  feparates  it's  oil  in  a 
concrete  form,  and  of  a  white  colour.  Since  it  appears, 
that  it  is  only  by  furnifhing  the  albumen  with  oxygen, 
that  the  oxygenated  muriatic  acid  coagulates  the  bile ; 
this  chemift  thinks  it  probable,  that  the  portion  of  this 
acid  returned  to  it's  fimple  ftate  decompofes  a  certain 
quantity  of  the  biliary  foap,  and  confequcntly,  the  al- 
bumen Is  always  mixed  with  a  little  of  the  refin  or  the 
concrete  oil  of  the  bile. 

if  a  fimple  acid,  as  the  fulphuric  or  muriatic,  6cc.  be 
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added  to  the  bile,  after  it  is  become  colourlefs  by  the 
oxygenated  muriatic  acid,  a  white  concrete  precipitate  is  a  white 
immediately  formed  of  the  confiftence  of  fat.     This  pre-  found  on 
cipitate,  which  is  the  oil  of  the  bile  fomewhat  changed  ,^^^,'^"",* 
by  the  oxygen  of  the  muriatic  acid,  perfectly  mixes  with  acid  totfte 
water,  and  is  even  diflolved  by  the  aid  of  heat.     This  foiutwn. 
property  is  the  more  fingular,  fince  the  foda  which  ren- 
ders it  foluble  is  no  longer  prefent ;  having  united  to  the 
acid  ufed  in  the  decompofition  of  the  bile. 

This  white  concrete  oil  is  foluble  in  the  cold,  in  alcohol;  Fropernt? 
and  if  the  folution  be  accelerated  by  heat,  a  certain  quan-  "|j|  ^"^  ^* 
tity  of  aether  is  formed,  which  appears  to  avifc  fr -in  the 
oxygen  contained  in  the  oil  uniting  with  the  alcohol, 
and  changing  the  proportion  of  it's  principles.  The  al- 
coholic folution  expofed  to  the  air  lofes  it's  alcohol  by 
degrees;  but  it  is  with  great  difficulty  that  it  becomes 
folid.  If,  when  it  is  about  the  confiftence  of  a  firup, 
it  be  mixed  with  water,  it  unites  perfectly  with  it,  which 
feems  to  announce,  that  the  biliary  foap  has  not  been 
decorapofed  ;  but  when  an  acid  b  added  to  this  folution, 
a  precipitation  is  immediately  the  confequence.  Another 
experiment  not  lefs  fingular  is,  that  if  a  frefh  quantity  of 
alcohol  be  put  to  the  folution  of  the  oil  of  the  bile,  thus 
infpilTated  by  the  air  and  water,  and  afterwards  added,  an 
abundant  precipitate  takes  place. 

It  appears,  that  the  fame  phenomenon  of  the  folubi- 
lity  in  water  of  this  bilious  oily  matter,  w^hich  was  pre- 
tended to  be  a  refin,  had  been  previoully  obfcrved  be- 
fore in  the  laboratory  of  this  chemift ;  but  it  would  feem, 
that  this  pretended  refin,  which  is  precipitated  by  an  acid, 
is  in  part  foluble  in  water,  and  only  takes  an  apparent 
chara<9:er  of  infolubility  in  this  fluid,  from  the  prefence 
of  an  acid. 

It  was  conjeftured,  that  this  white  concrete  oil  had  Differefrcan 
fome  analogy  to  the  white  and  cr^^ftaliine  mattei*  of  the  Uac  ik:ixL^ 
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ofbiiiaiy     human  biliary  calculi:  but  it  was  foon  evident  that  it 

calculi.  .,    . 

differs  from  it  in  fevcral  properties. 

ift.  It  is  more  foluble  in  alcohol,  and  is  not  precipi- 
tated in  fmall  lamellae. 

2d.  It  is  foluble  in  water. 

3d.  It  is  of  much  fofter  confiftence  and  more  fufible, 
being  nearly  equal  to  the  fufibi.ity  of  fat  (at  32°  or  33°), 
"whilft  the  crydalline  matter  of  the  human  biliary  calculi 
only  melts  at  a  heat  above  90°,  and  remains  folid  at  a  few 
degrees  above  boiling  water. 
Aaionof  The  neutral  alkaline  falts  mixed  with  bile  prevent 
biie.  its  pulrefa6lion  ;  the  ammoniacal  falts  are  decompofed  by 

it ;  the  earthy  neutral  falts  are  decompofed,  and  preci- 
pitate it. 

Metallic  falts  decompofe  it,  and  are  decompofed  at  the 
fame  time  by  it ;  the  foda  of  the  bile  unites  to  the  acid 
of  the  folution,  and  the  coloured  oil  of  bile  is  precipi- 
tated in  union  with  the  metallic  oxyd. 
¥niies  with      Bile  unites  readily  with  oils,  and  like  foaps  takes  out 
*^'^'  any  greafy  fpots  from  cloth;  hence  the  bile  of  the  ox  is 

ufed  in  cleanfino;  {luffs. 

Bile  a  real        The  bile,  or  biliary  foap  as  it  may  be  properly  called, 

oap.  .g  foiui^le  [^  alcohol,  which  feparates  it's  albumen  in  a 

coagulated  frate.     This  tincture  of  bile  is  not  decompofed 

by  water,  which  fhows  the  fubftance  to  be  a  real  animal 

foap,  equally  foluble  in  water  and  in  alcohol. 

It- is  likewife  eafily  diffolved  by  esther. 

Putrefies    '     ^^'  Sauudcrs,  in  order  to  try  whether  the  bile  had  a 

foonei  than  greater  power  of  refifting  putrefadlion  than  the  blood, 

put  equal  quantities   of  blood  and   bile  of  the  fame  ox 

into  different  veffels  of  the  fame  fize,  and  expofed  them 

to  the  fame  degree  of  heat,  and  found  that  on  the  third 

day  the  blood  began  to  fliow  figns  of  putrefa£l:ion,  whilft 

the  bile  remained  in  it's  natural  ftate;  on  the  fourth  day 

the  bile  had  a  pungent  odour  by  no  means  ungrateful. 
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whilft  the  blood  was  extremely  putrid.  On  the  6th  day 
tlie  bile  became  putrid,  and  had  a  very  ofTeulive  fmell. 
The  progrefs  of  putrefa6lion  in  bile  is,  according  to  ob- 
fervation,  as  follows  : 

Expofed  to  the  air,  at  a  warm  temperature  of  from  15°  Aaion  of 
to  25^ y  a  change  very  foon  takes  place;  it's  aroma  be-  tlfje,  ^'^" 
comes  at  firil  naufcating ;  it*s  colour  changes ;  whitifh 
mucilaginous  flopks  are  precipitated ;  it  lofes  it's  vifcofi- 
ty,  and  foon  becomes  foetid  and  ftrong  to  the  organs  of 
fmell.  When  the  putrefa6live  procefs  is  far  advanced, 
it's  odour  becomes  mild  and  fomewhat  refembling  am- 
bergris. It  has  been  obferved  by  Vauquelin,  that  after  in- 
fpiflating  fomewhat  bile  in  the  bain.  mar.  it  keeps  feveral 
months  without  change,  as  is  the  cafe  with  vinegar  when 
boiled.  He  found  that  the  bile  of  the  ox,  which  exhaled 
a.  foetid  odour,  w^s  of  a  dirty  brown  colour,  and  turbid  ; 
became  on  being  heated  of  a  beautiful  green ;  loft  it's 
odour  whilil  fome  albuminous  concrete  flocks  were  fe- 
parated,  and  that  it  is  no  longer  fo  fubje6l  to  change  as 
when  it  is  in  it's  natural  flate.  When  fubmitted  to  dif- 
tillation,  there  arifes  a  phlegm  which  fliews  no  traces 
either  of  an  acid  or  an  alkali ;  after  a  certain  time  it  be- 
comes putrid.  This  phlegm  has  often  prefented  to  Four- 
croy  a  well  marked,  mild,  aromatic  odour,  very  analogous 
to  that  of  ambergris  or  muflc.  The  obtaining  this  aroma  ii's  mu&j 
particularly  fucceeds,  if  the  bile  be  diftilled  after  it  has  been 
kept  a  few  days,  and  is  a  little  changed.  The  fame  is 
the  cafe  with  bile,  after,  having  being  fomewhat  infpif- 
fatcd,  and  kept  a  long  time. 

When  bile  has  been  infpiffated,  by  a  fufficicnt  expofare 
to  heat,  to  a  more  or  lefs  dry  extract,  it  is  of  a  deep 
green  or  brown  colour,  very  tenacious,  and  of  a  pitchy 
conliftency  }  it  deliquefces,  and  is  nearly  wholly  foluble  „ 

in   water.     On  being  diftilled  the  infpiiTated  bile  affords  lufpiffaced 
a  .yellowiih  alkaline   phlegm,   an  empyreiuiiatic   oil,  a  uii:it'i,]|'^. 
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large  quantity  of  carbonet  of  ammonia,  an  elaftic  fluid 
mixed  with  carbonic  acid,  carbonated  by  hydrogenoug 
and  azot  gases.  The  remaining  coal  is  found  in  farg 
quantity,  and,  according  to  Macquer,  very  fahne;  it  is 
lefs  difficult  of  incineration  than  that  of  moft  other  ani- 
mal fubftances.  According  to  Cadet,  who  prefented  to 
the  academy,  in  1767,  an  excelknt  memoir  on  the  ana- 
lyfis  of  the  bile,  this  coal  contains  carbonat  of  foda  ; 
an  animal  earth,  /.  c,  phofphat  of  lime,  and  a  fmall 
quantity  of  oxyd  of  iron.  If  the  bile  be  diftilled  on  the 
open  fire,  great  caution  is  neceffary  from  it's  fwellino- 
coniiderably.  When  heated  to  C0°  it  coagulates,  and 
becomes  a  ilocky,  thready  mafs,  which  arifes  from  it's 
albumen.  Riurcroy  has  likewife  obferved  in  the  pro- 
du61s  of  the  bile,  after  diitillation,  in  the  retort,  and  rec- 
tification, a  fmall  portion  of  pruffic  acid,  partly  free  and 
in  part  combined  with  ammonia. 

When  bile  has  lofl  it's  oil  by  expofure  to  a  flrong  heat, 
it's  carbon  is  difficult  to  incinerate ;  for  we  are  informed 
by  Fourcroy,  that  whilft  it  is  undergoing  a  red  heat,  the 
foda  fo  eafily  volatilizes,  that  the  afhes  being  flill  blackifh, 
no  longer  contain  any  alkali,  and  fhow  no  traces  of  it 
in  water.  Incineration  appears,  therefore,  a  defeftive 
procefs  to  arrive  at  the  fixed  parts  of  bile,  and  more 
efpecially  to  determine  their  proportion. 
Component  On  colle6ting  the  component  parts  of  the  bile,  it  is 
pairs vt  1  e.  f^,^^^^  ^^  contain  a  large  portion  of  water;  a  peculiar 
concrefcible  oil  united  with  foda,  forming  a  faponaceous 
fubfiance  ;  and  an  albuminous  mucilage  which  is  coa2:u- 
lable.  Several  other  fubftances,  befides  it's  aroma  and 
colouring  matter,  are  faid  to  contribute  to  it's  formation. 
Thus,  Cadet,  independentof  the  phofphat  of  lime,  thinks 
he  found  a  fait" in  the  coal  of  the  bile,  of  the  nature  of 
f.igar  of  milk,  the  exiftence  of  which  Van  Bochante  has 
iince  confirmed  ;  but  Fourcroy  is  of  opinion,  that  this. 
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f)reteiided  fallne  matter  is  rather  to  be  looked  upon   as 
analogous  to  the  oily,  leafy,  brilliant  and  cryftalline  fub- 
france  that  Poulleter  found  in  the  human  biliary  calculus, 
and  Hlldebrandt  is  of  opinion,  that  the  fubftance  which  opinion  of 
communicates  a  bitter  favour  to  the  organs  of  tafte  forms  ^''^f,^!'','!'^^ 

o  on  us  tiUer 

an  elfential  part  of  it ;  fince  it  appears  from  the  experi-  lafte. 
ments  of  Leo'nhardi  and  Richter,  tbat  bile,  even  when 
Wuced  to  a  coal,  ftill  retained  it,'s  bitternefs.    Common 
fait  and  iron  have  llkewife  been  faid  to  be  found  in  it ; 
but  according  to  other  chemifts,  thefe  are  only  accidental. 

The  lad  chemift  who  has  paid  any  attention  to  the  it's  compo- 
component  parts  of  bile  is  Dr.  Saunders.     This  phyfi-  "^^"^..^"In^t^ 
cian,  from  Various  experiments,  concludes,  that  it  con-  Saunders, 
fills,   1.  Of  Water  impregnated  with  the  odorous  princi- 
ple. 2.  A  mucilaginous  fubllance,  refembling  the  albu^ 
men,    3.  A  refinous   fubftance   containing  the  colouring 
principle  and  bitter  tafte,  and  4.  The  mild  mineral  al- 
kali.    With  refpcsSl  to  their  combinations  he  is  of  opi- 
nion, that  the  faponaceous  matter  confifts  of  the  bitter 
i-cfin  iti  miion  with  the  alkali  -,  that  this  admits  of  a  ready 
imion  with  a  mucilage,  and  with  this  again  tlie  aqueous 
matter. 

'Homberg,  Bourgelat,  Cartheufar,  and  Ramfay,  have 
tnade  a  few  experiments  on  it  with  acids  and  a  few  fa- 
line  bodies,  but  they  have  contributed  nothing  towards 
the  difcovery  of  it's  component  parts ;  and,  perhaps, 
little  was  done  refpe^llng  it's  analyfis,  till  Cadet,  by  a 
courfe  of  well  dire<Sled  experiments,  threw  more  light 
upon  it  than  all  his  predeccffors  had  dono  before  him. 
He  is  faid  to  be  the  firft  who  actually  difcovercd  the  pre- 
fence  of  foda  in  it,  although  Roeder  had  fliown  the  ex- 
iftence  of  it  much  about  the  fame  time.  This  fluid  had, 
indeed,  been  long  made  ufe  of  in  the  cleanfing  of  greafy 
and  oily  fpots  from  cloth,  from  it's  having  been  found  to 
poflefs  faponaceous  properties  ;  but  independent  of  this, 

VOL.  I.  <^ 
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(cveral  phyficians,  fuch  as  BurggravCp  Ilartmann^  Bag- 
liviv  and  Verheyen,  had  made  fome  ftw  experiments 
upon  It,  by  which  the  prcfence  of  an  alkah  had  been  de- 
tex^ed.  It  was  Hkewife  known^  tl^at  by  ,the  additipi^ipf'  | 
acids  the  gall  became  turbid,  and  that  on  mixing  thQm 
with  a  fofution  of  foap,  they  equally  brought  about 
the  foUition  of  an  oily  matter.  At  length  the  work  of 
G^rdani  appeared,  from  whofe  experiments,  made,  with 
great  care  and  diligence,  it  was  proved,  that  this  fluid 
had  the  power  of  precipitating  falts  with  a  metallic  bafis. 
All  thefe  fa^ls  fufficiently  fliow  the  prefcnce  of  an  alkaline 
fait,  and  agree  very  well  rcfpe(St;ing.it's  faponaceous  pro- 
perty ;  but  there  remained  to  difcover  the  nature  of  the 

ead«t.  alkaliy  which  \yas  effected  by  Cadet,  in  an  exQcllcnt  tr^a- 
tife  on  the  bile,  read  before  the  Academy  of  Sciences, 
and  printed  in  the  year  17^7.  He  found  that  on  treatr 
ing  bile  with  the  muriatic  acid,  he  obtained  by  cryftalli- 
zation  common  fait;  with  the  nitrous  acid,  it  gave  the 
nitrat  of  fodaj  and  with  vinegar,  a  eryftallized  neutral 
fait  compofcd  of  foda  and  the  acid  employed;  which  ex^ 
periments  clearly  convinced  hini,  that  the  gall  contained 
an  alkali,  and  that  this  alkali  was  the  fame  as  that  which 
afliiied  in  the  compofition  of  common  fait  or  foda;  and 
havinor  afterward  found  the  fame  aikali  in  the  afhes  after 
incineration,  every  doubt  was  cleared  up  of  it's  nature. 

Cadet  Hkewife  found,  that  the  mineral  acids  at  firft 
produced  a  coagulation  of  the  bile  5  but  afterward  dif- 
folved  and  brought  it  to  a  flate  of  greater  fluidity ;  he 
confirmed  the  prefcnce  of  calcareous  earth  in  it  by  the 
formation  of  felenite  on  the  addition  of  the  vitriolic  acid  r 
fliowed,  that  the  aqueous  part  of  the  bile  contained  a  fal^ 
fefembling  the  fugar  of  milk,  and  that  it  hkewife  pof- 
'^  feifed  amongft  it's  component  parts  an  animal  fat,  com- 
mon fait,  and  a  little  iron. 

Ccedeier.        Rcedcrer,  who,  as  before  obferved^  had  been  engaged  in 
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hiaking  exptel-iments  much  about  the  fame  time  as  Cadet, 
or  a  Httle  before,  in  17^7,  coincided  in  great  meafure  in 
the  refults.  He  found,  that  on  mixing  the  three  mineral  \ 
acids  with  gall,  he  obtained  from  the  fluid  \vhich  co- 
vered the  gummy  refinous  precipitate  that  fell  down 
cryftals  of  Glauber's  fak,  of  cubic  nitre,  andof  cornmoa 
fait ;  a  clear  proof  of  the  prcfeuce  of  mineral  alkali  iii 
this  animal  fluid.  He  thought,  however,  that  this  al- 
kali appeared  to  be  in  part  faturated  with  muriatic  acid  ; 
for  the  coal  of  the  bile,  befides  fbme  oblong  cryftals 
that  effervefced  in  the  air,  (but  which  ought  not  to  have 
been  taken  for  Glauber's  fait  without  further  proof,  be- 
ing certainly  mineral  alkali,)  afforded  him  likewife  cubic 
cryftals  that  decrepitated  in  the  fire.  He,  likewife,  ad 
well  as  Cadet,  found  the  prefence  of  calcareous  earth  iri 
bile  from  the  production  of  felenite  with  vitriolic  acid; 
but  the  exiftence  of  iron  bad  efcaped  his  notice  ;  he  how- 
ever thought  he  had  found  an  acid  in  it,  and  that  it 
had  the  power  of  coagulating  milk  5  but  Cadet  proved 
the  contrary,  aild  conje6iured  that  the  acid,  if  it  ex- 
ifted,  might  have  arifen  from  the  gelatinous  part  of  the 
bile. 

With  refpecl  to  the  faponaceous  nature  of  this  fluid,  Different 
opinions  have  been  diflerent^  fome  contending  for  the  af-  u^s  ^^0004- 
firmative,  others  aiTertino;  the  negative.     The  idea  of  it's  ^^°"* 

^  _  .  natiu-e. 

being  a  foap  originated  from  it's  cleaniing  property ;  but 
this  is  only  one  of  the  propeinies  which  a  real  foap  pof- 
fefles ;  hence,  other  experiments  were  neceflary  to  arrive 
at  the  truth.  Gefner  was  not  able  to  diflblve  fuet  either 
with  the  aqueous  folution  of  dried  gall,  which  had 
been  kept  a  year,  or  with  frefh  ox  bile.  Schroeder  was 
likewife  unable  to  bring  about  a  folution  either  of  the  re- 
finous  or  oily  fubftances  in  bile.  Roederer  found,  by  ex- 
periment, that  the  fat  oils  united  better  with  bile  than 
with  foap,  but  that  their  union  with  the  laft  was  more 
a2 
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durable ;  that  bile  did  not  entirely  refufe  to  unite  with 
ethereal  oils ;  but  that,  old  oil  of  turpentine  excepted,  it 
was  not  able  to  bring  them  to  any  folubility  in  water, 
and  that  it  fhowed  not  the  lead  folvent  power  upon  the 
rclins.  It  was  in  confequence  of  thefe  experiments  and 
others,  which  feverul  chemifls  had  given  to  the  world, 
to  prove  that  bile  cannot  be  mixed  either  with  ethereal 
or  fat  oils  or  butter,  or  render  thofe  bodies  foluble  in 
water,  that  fome  chemids  affirmed,  more  particularly 
Schroeder,  Goldwitz,  and  Jacquin,  that  bile  ought  not 
to  be  confidcred  as  a  foap ;  and  the  laft  has  concluded, 
that  if  it  be  employed  with  fuccefs  for  removing  fpots 
out  of  cloth,  the  reafon  is,  that  the  bile  has  a  greater 
affinity  with  the  cloth  than  the  fat  oils,  which  are  con- 
fcquently  difengaged  and  iffue  in  drops.  Leonhardi  is, 
however,  of  opinion,  that  as  it  appears  from  decompo- 
fition,  that  bile  contains  volatile  as  well  as  fixed  alkali, 
with  oily  parts  in  it's  compofition,  and  that  fince  it  can 
unite  fat  oils  with  water,  although  the  union  is  not  fo 
lading  as  when  foap  is  ufed,  the  faponaceous  character 
cannot  be  entirely  denied  it.  Robert  had  affirmed,  in 
a  diflertation,  entitled.  An  bilis  fapo  acido-alcalinus, 
Paris,  1759,  that  there  was  a  double  foap  in  bile,  an  al- 
kaline and  an  acid  one  ;  but  he  could  not  fupport  his  af- 
fertion  by  any  chemical  experiment.  Macquer  concluded, 
that  it  poflefles  a  peculiar  property  approaching  to  a  real 
foap,  confifting  of  fixed  mineral  alkali,  and  fuch  a  quan- 
tity of  oil  as  is  neceflary  to  give  rife  to  fuch  a  fapona- 
ceous mixture  as  bile  is  allowed  to  have.  At  lad,  Four- 
croy,  as  before  mentioned,  added  greater  light  by  his  ex- 
periments on  this  fubjedt,  and  proved,  that  it  is  an  oily 
amd  faponaceous  fubftance,  compofed  of  an  oil  nearly 
approaching  to  the  date  of  fpermaceti,  together  with  a 
quantity  of  liquid  albumen. 
With  refpe6t  to  the  component  parts  of  Jwfe,  Durande 
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and  Willink  had  attefted  the  prefencc  of  iron  In  It ; 
but  neither  Maclurg,  by  means  of  galls,  nor  the  experi- 
ments of  Leonhardi  were  able  to  detect  it ;  and  the  latter 
is  of  opinion,  that  it  is  only  accidentally  met  with  in  this  Opinions  of 
iiuicl.  Ooldwitz  endeavoured  to  prove  that  oii^  an*,  ai-  juent  pa.tij* 
kali,  and  iron  were  not  contained  in  it ;  that  the  la6lo- 
faccharine  fpecies  of  fait  was  only  accidentally  prefcnt  in 
ox  gall,  and  only  then  in  the  fpring;  and  that  it's  compo- 
nent parts,  befidcs  coagulable  lymph,  conlill  of  a  liquid 
peculiar  to  it  formed  of  water,  phlogifton,  and  a  very 
fmall  quantity  of  earth.  That  bile  contained  no  alkali 
this  chemift  concluded,  becaufe  it  did  not  efiervefce  with 
acids,  which  every  alkali  ought  to  do  ;  and  Strrehl,  who 
publifhed  a  book  at  Gottingen,  de  Bills  Natura,  in  1/87, 
fupported  Goldwitz  in  his  opinion.  On  the  contrary, 
Richter  undertook  the  defence  of  the  exiftence  of  an  al- 
kali in  bile.  He  found,  that  the  experiments  of  Cadet 
and  Rcederer  were  entitled  to  every  claim  of  veracity  ;  for 
each  of  the  mineral  acids,  after  being  added  to  this  fluid, 
formed  a  coagulated  and  more  or  lefs  green  or  yellow 
coloured  precipitate  3  and  the  fluid  above  it,  on  evapora- 
tion, afforded  a  neutral  fait,  of  the  fame  nature  as  that 
which  the  mineral  alkali  forms  with  ihe  fame  acids.  With 
vinegar  an  arborefcent  cryftallization  arofe,  which,  how« 
ever,  he  would  not  afiirm  to  be  acetated  foda  ;  he  like- 
wife  obtained  common  fait  by  means  of  diflblving  the 
extract  in  alcohol.  Having  incinerated  the  coal  from 
bile,  and  made  a  ley  of  it,  he  got  by  the  addition  of 
vitriolic  acid  Glauber's  fait  by  evaporation,  whiift  a  por- 
tion to  which  no  acid  had  been  added  afforded  mineral 
alkali  5  he  alfo,  on  incineration,  obferved  a  fmell  of 
garlic,  which  called  to  mind  the  prefence  of  Prouft's 
fait,  or  the  mineral  alkali  united  to  phofphoric  acid. 
Leouhardi  is  of  opinion,  that  the  alkali  certainly  exifts 
in  bile,  either  in   a  free  ftate  or   imTperfe6tly  faturated 
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with  the  pliofphoric  acid  ;  for  in  his  experiment  with  ti:t 
freili  bile  of  the  pig,  which,  according  to  DcHus,  ap- 
proaches the  nearcft  to  the  human,  Htmu?  paper  became 
jiiuch  darker,  and  turmeric  paper  of  a  brownifli  red.  With 
refpe6t  to  common  fait,  it  appears  from  the  fupplcment 
to  Richter's-  Memoir,  by  Debus,  that  it's  prcfence  was 
dete6led  in  human  bile  by  the  microfcope,  in  the  form  of 
cubic  crydals,  as  vvejl  as  the  prefence  of  an  amrnoniacal 
fait  of  a  cruciform  fhape.  Leonhardi  thinks,  that  the 
volatile  alkali  obtained  in  the  diftillation.  of  bile  is  cer- 
tainly united  with  an  acid.  Richter  obtained  an  oil  from 
bile,  but.  in  very  fmall  quantity,  by  diftillation ;  and 
Prieilley  fli owed  the  prefence  of  phlogifton  on  treating 
the  extra6l  with  nitro^is  acid,  and  producing  nitrous  gas ; 
w'hilft  other  animal  fubflances  treated  in  the  fame  man- 
ner only  afforded  phlogifticatcd  air.  Gren  believed  there 
was  a  refln  in  it  from  the  folubility  of  a  part  of  the  extract 
in  alcohol,  a;id  that  this  bitter  refmous  part  was  united 
with  water,  lymph,  alkali,  and  gelatin,  the  remaining 
component  parts.  The  bitter  part  appears  to  Leonhardi 
to  be  fixed,  lince  the  coal,  both  in  his  experiments  and 
in  thofe  of  Richter,  was  found  to  have  a  bitter  favour. 
He  thinks  it  not  improbable,  but  that  this  bittcr.matter 
may  cojifift  of  the  faccharine  acid,  deprive^i  in  part'  of 
it's  fixed  air,  and  united  in  different  proportions  with  oily 
or  inflammable  parts  ;  whieh  acid,  according  toBer- 
thoilet,  is  found  jn  animal  as  well  as  in  vegetable  bodies. 
Flour  fpoiled  by  moiflure,  rotten, apples,  and  rancid  fat 
oils, , all  have  a  bitter .  tafte,  Thefe  contain  aeid  ,of  fugar 
and  Ipfe  fixed  air.  Bile  appears  to  this  cbemifl',  by  it's 
bitteri^efs,  to  oppofe  and  prevent  t|]e  extrication  of  fixed 
air,  fo  that  the  fat  parts  of  tbf;  chyle  4^  Apt  become  ran- 
cidj,  the  gelatinous  parts  putrid,  nor  the  mucilaginous  parts, 
capable  of  the  vinous  fermentation,  four;  befides,  ac- 
cording IQ  this  experiment  of  Milpiaii,  bile  impregnated 
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witb  fixed  air  is  loiiger  in 'becoming  putrid  than  without 
it.  From  this  ihort  and  general  hido.ry  of  the  experi- 
laents  upon  bile,  it  appears,  that  it  is  to  Cadet  and 
Roederer  we  are  indebted  for  the  difcovery  of  the  prefence 
of  foda  in  that  fluid,  which  is  acknowledged  to  exift  in  a 
difengaged  ftate ;  and  to  Fourcroy  for  the  knowledge  of 
it*s  othe;*  component  parts. 


USE  OF  the;  bile. 


.The  grand  obje3:  of  chemiftry  in  the  analyfis  of  animal  Various 


Opinions  on 
of 


fubftances  is  to  affift  the  phyfiologift  ji>  difcovering  the  ^he  ufe 
nature  and  utility  of  the  matter  fubje<Sled  to  his  invefti-  ^^^  ^^^^ 
gation,  and  to  endeavour  not  only  to  account  for  it's 
formation,  biit  to  lay  before  the  phyfician  the  means 
which  may  be  employed  to  prote6ib  or  abfolve  it  from  the 
a^lion  of  difeafe.  The  variety  of  opinions  which  have 
been  given  on  the  ufe  of  the  bile,  is  a  great  proof  of  the 
obfcurity  in  which  this  function  is  enveloped  j,  and  fhould 
the  conclufion,  that  has  been  drawn  from  the  analyfis  of 
this  fluid,  not  be  rendered  perfectly  fatisfa^^ory,  it  is  at 
lead  to  be  hoped,  that  it  may  (limulate  the  fclentific 
ehemifl:  and  phyllologift  to  redouble  his  efl?brts  on  fo  curi- 
pus  and  intj^refting  a  fubjeft  of  inquiry. 

The  conftancy  of  the  bile  iri  every  animal,  even  in 
jnfefts  and  worms ;  the  lize  of  the  vifcus  that  prepares  it, 
and  the  de(lru«^ive  and  grievous  confequences  arifing 
from  it's  difeafcs,  are  very  convincing  proofs  of  the  im- 
portant part  it  a6ls  in  the  animal  economy.  The  gre^t 
purpofe  to  which  this  fluid  is  deflined,  according  to  phy- 
fiologifls,  and  more  particularly  thofe  of  the  prefent 
time,  is  that  of  afldfting  the  procefs  of  dig*  ftion ;  and 
fourcroy,  to  whom  we  are  indebted  for  fo  many  cxperi" 
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merits  on  the  fubj eft,  is  of  opinion,  tl>at  to  promote  and 
fl'icilitate  the  digeflive  procefs,  is  one  of  it's  ufes.  He 
thinks,  that  it's  foapy  quality  renders  it  capable  of  uniting 
the  oily  parts  of  thf  alimentary  matter  to  water;  that  it's 
bitter  fiivour  indicates  it's  being  a  ftimulqs  to  the  intef- 
tipes  ;  and  that  it  favours  their  aftion  upon  the  aliments. 
It  appears  to  him,  that  it  is  decompofed  in  the  duodenum 
by  the  acids  which  exift,  or  which  are  almoft  always 
forming  in  the  organs  of  digeftioii ;  and  that  at  leafi  it  is 
certain  it  is  very  much  changed,  particularly  in  it's  co- 
lour, when  it  becomes  a  portion  of  the  excrements  to 
which  it  communicates  the  yellow  hue. 

Some  of  the.  ancients  as  well  as  moderns,  looked  upqn 

Galen .  it  in  a  very  different  light.  Galen  and  Paracelfus  were  of 
opinion,  that  it  was  nothing  but  an  excrement;  Roux, 
that  it's  principal   office  was  to  evacuate  the  colouring 

Lifter.  part  of  the  blood  from  the  body;  and  Lifter  affirms  that 
it  is  of  no  ufe  whatever. 

With  refpeft  to  it's  ufe  in  digeftion,  if  the  formatioi^ 
of  phyle  be  the  objeft.  Dr.  G.  Fordyce  has  proved,  that 
if  the  duftus  communis  choledochus  be  obftru(3:ed  by  a 
ftone,  or  tied  up  artificially  in  animals,  it  does  not  pre- 
vent the  formation  of  chyle;  hence  the  bile  can  h^  of 
no  ufe  in  that  procefs. 

Fourcroy.         Fourcroy  feems  to  fhink,  that  it  is  defvined  for  another 
purpofe  befides  digeftion^  He  is  of  opinion,   that  the 
'  blood,  as  it  circulates  through  the  mefenteric,  fplenetic, 

and  hepatic  arteries,  and  afterward  into  the  diyifions  of 
the  vena  portarum,  undergoes  great  changes  iti  it's  na- 
ture; whetlier,  as  phyfiologifts  fay,  it  diflblves  and  takes 
with  it  fome  of  the  fat  of  tlie  inferior  abdominal  region, 
which  is  fcarcely  poffible  ;  or  rather,  on  traverfing  thefe 
different  regions  very  gradually,  the  carbon  it  contains 
unites  with  the  oxvgen,  which,  as  it  were,  has  only 
been  intcrpofed  beiv.een  the  molecules  of  it's  compo- 
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nent  parts  during  refpiratioji  in  paffing  through  the 
Jungs ;  and  confequently  being  a  Jong  time  in  regaining 
thai  yifcus^  it  affumes  a  fat  character  from  the  fuperabyn- 
dance  of  hydrogen  which  it  communicates  to  the  organs 
it  nourilhes  and  fupports.  If  this  be  thg  effed  in  mgin 
and  in  quadrupeds,  whofe  r^fpiratign  is  fp  perfeft,  in  the 
veflels  through  which  the  blood  circulates  with  rapidity, 
it  ought  to  be  infinitely  more  marl^ed  in  tlhofe  animal3 
who  are  able  to  )ive  a  long  time  in  the  mud  or  moft  in- 
feftfous  fihh  without  breathing,  and  when  refpir^tion 
does  take  place,  is  only  in  a  very  limitefl  and  imperfefi: 
manner,  from  the  fmallnef?  pf  their  refpiratpry  organs,  and 
the  confequent  admifliqn  of  a  very  fniall  quantity  pf  ^ir; 
which  air  cannot  be  intimately  united  with  the  humours 
for  a  long  time  after  it's  reception,  from  the  (lownefs  with 
which  they  circulate.  Hence  thefe  amphibious  animals 
^re  more  or  lefs  foft  and  cartilaginous,  pale,  and  even, 
colourlefs  throughout  their  compofuion  ;  have  very  little 
fenfibility,  and  are  ^itjiout  agility.  This  chemift  ha^ 
drawn  fhefe  conclufions  from  the  component  parts  of  the 
bile,  from  finding  traces  of  oil  fopietimes  on  tearing  or 
cutting  the  human  liver,  and  that  of  quadrupeds  ;  from 
the  liver  of  the  ray  containing  more  than  half  it*s  weight 
of  oil  perfe6l]y  formed  5  from  certain  parts  of  the  lower 
belly  in  difeafes  of  the  liyer  taking  a  fat  chara6ler,  and 
becoining  white  or  rather  gray  like  the  liver  of  the  ray^ 
from  the  livers  of  flying  animals,  particularly  of  birds 
expofed  to  a  high  tepiperature,  and  fed  on  milk,  taking 
the  fame  chara6ler  ;  and  from  the  (ize  of  this  vifcus  in 
amphibious  animals  whpn  compared  to  others,  and  the 
liquidity  and  oilinefs  of  their  brain,  which  may  be  attri- 
buted to  a  very  limited  refpiration. 

Dr.  Saunders  looks  upon  the  particular  office  of  the  >Saunders. 
bile  to  be  a  ftimulus  to  the  iiitefline*,  keeping  up  their 


tWgy  and  perlftaltic:  iVibtibW.'  "fi  is  alfo  faid,  t^at  by 
vk^tue  of  it's  a^ka^ine*■natuV'6  it  cdfreH's  acidTty.  reMs  • 
ferrtientation,  and  in  confequcncc  of  it's  bitter  qualitv, 
petards  the  putrefai9:ive  procefs. 
Is  not  the         If  Tiliny  be  permitted  to  hazard  a  corije£lur^  npbri  the 
^ne^cTtf.^^  life  of  tile  bile,  aiid  tK^Vilbu^"  that' fccrt^fi^'^  it,  itwbiiid 
^L.ent?         appear,  as  Fourcroyhas  well  o'bfcrVed,  that  thf  liver  has 
a  great  connexion  with  the  lungs,  not  only  frohi'tfic 
fa£ts  iiJreadyrnehtionfcdy  hrii  frorri  the  lai^c  fize  of  this 
vifciij  in  the  fgetiis '^'^lich  has  not'  y^' "tefpired ;  and  tHstt 
\Vhatte\'er  a6lion  the  bile  may  have  npbn  the  food,  or  otl'' 
the  inteftines  in  digeftiori,  tlicre  is  reafon  to  believe  that 
the  li vet  deprived  the  falooid  which  paffes  through' it  (^* 
fome  of  ii'ffnox'ioifs  parts,  p^rfoi-riii rig  ah  c^icremerititiBil^' 
operation  in  the  abdomen,  whilll:  the  lungs  are  a6ling  to 
the  fame  end  in  the  thorax.    This  appears  probable,  not' 
oiilyfroin  the  Jarge  fize  of  the  liver  in  thofe  animals  of^ 
limited  refpiration,  but  even  the  extent  of  this  vifcus  in/ 
man  and  quadrupeds,  which  is  by  far  the  mofl  volumir" 
pou?  gland' in  the  body^  indicates,  that  it's  aftion  muft 
be  of  greatei"  exteiiit  thati  that  of  fumifhihg  a  mere  ff:(*re--' 
tiort.  All  the  glands  form  their  fecretions  from  the  blood 
ill  it's  moft  perfed  ftate,  or  as  it  circulates  through  the 
arteries;  vvhil ft  on  the  contrary,  the  liver  makes  ufe  of 
the  impure  venous  bloody  fupplied  by  the  vena  porta ; 
\Vhich  blood  has  been  feid  by  fome,  alttiough  denied  by 
Others,  to  be  in  ^  ftate  of  greater  fluidity,  and  to  have  a 
putrefcent  tendency,  fo  as  fcarcely  df  not  at  all  to  be^cbaV 
gulated ;  or  in  other  words,  poffcffing  afuperabundance  oT 
foda,  which  preferves  it's   fluidity,   and  of  carbon  and' 
hydrogen',  which  give  it  a  dark  colour.  If  this  be  the  cafe, 
it  is.  probable,  that  as  this  blood  circufdteS  through  the" 
'■    "frver,  this  vifcus  deprives  it  of  the  hydrogen  and  carbon, 
w'hich,  united  to  a  little  oxygen,  form  an  oily  m^tter^ 


and  mcctinp"  ^'ith  the  foda^  a^faponaccou^  fubftance  Is 
produced,  wbich  forms  the  principal  chjtrader  of  the  bile. 
Hence  ariles  the  necefhty  of  this  fluid  being  made  with 
conftancy  and  regularity,  for  the  integrity  of  all  the 
fundbions;  and  the  reafon  of  it's  exiting,  in  all  animals, 
and  of  it's  being  as  neceflary  as  the  evacuation  of  the 
luncvs  during  refpiration.  In  thofe  animals  whofe  re- 
fpiratory  organs  are  very  fmall  in  comparlfon  to  their  body, 
and  \vher.e  the  carbon  and  hydrogen  muft  be  in  large 
quantity  in  iheir  blood  from  the  want  of  proper  evacua- 
tion, the  liver  is  remarkably  capacious  and  great  in  pro- 
portion, by  which  means  thefe  fubfiances  are  evacuated 
in  the  form  of  bile,  the  a6t  of  refpiration  being  inconve- 
nient to  their  mode  of  life.  It  is  by  fuch  means  that  thcfe 
two  vifcera  affill  each  other,  (vide  animal  oils).  To  this" 
opinion  of  it's  being  an  excrementitious  matter,  maybe 
added  feveral  other  properties  of  a  like  nature,  viz.  it'* 
naufeous  and  difgufting  fmell  and  tafte. 

It  appears,  frgm  the  experiments  of  Fourcroy,  that  the 
oily  part  of  the  bile  is  nearly  in  the  ftato  of  fpermaceti, 
preferving  it's  fluidity  during  ^  ftate  of  health.  When^ 
however,  this  rnatter  is  too  abundant  to  remain  in  folu- 
tion  in  the  bile,  it  becomes  cryftallized,  forming  the 
calculi  of  the  gall  bladder,  or  gall  ftones,  which,  on 
analyfis,  evidently  appear  to  owe  their  formation  to 
this  oily  concrefcible  matter;  and  this  matter  being  con- 
tained either  in  the  pores  or  parenchymatous  fubftancc 
of  the  liver^  often  proves  the  fource  of  feveral  of  it's 
difeafes. 

To  conclude,  whatever  may  bp  the  functions  of  the 
liver,  and  the  ufe  of  the  bile,  many  experiments  are  ne- 
ceflary before  any  real  proof  can  be  had  that  is  perfectly 
fatisfa£lory ;  and  as  much  may  he  brought  againfl 
eyery  opinion  which  authors  have  yet  given,  it  follows 
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that  the  liver  fulfills  an  operation,   the  whole  of  which 
{cieiice  has  not  embraced. 
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Haller's  Element.  Phyfiol. — Encyclop.  method,  torn. 
2.  chimie.  p.  564. — Cadet,  Experiences  chlmiques  fur  la 
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de  Paris,  1^64;  alfo  his  Nouvelles  Rccherches  pour 
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of  the  Liver,  &c.  by  Wm.  Saunders,  M.  D.  F.  R.  S. 
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SALIVA. 

This,  when  frefh  and  in  a  healthy  flate,  is  a  tranfpa- 
rent  colourlefs  Hquor,  without  aroma  or  favour,  and  is 
fecreted  into  the  mouth  of  an  animal  to  aflift  in  the  maf-  Ii's  proper- 
tication  of  it's  food. 

It's  fpecific  gravity,  according  to  Haller,  is  to  water  as 
i960  to  1875. 

In  carnivorous  animals,  it  is  faid  to  be  fomewhat  acid^ 
and  manifeftly  faline;  and  in  the  human  fubje6l,  in  dii^ 
eafe,  from  having  no  favour  becomes  bitter,  fliarp,  fwect, 
four,  putrid,  or  faline,  and  fometimes  it  is  faid  to  par- 
take of  fev^eral  of  thefe  favours  at  the  fame  time. 

In  confidence,  it  is  fomewhat  lefs  fluid  than  water, 
but  more  fo  than  mucus;  it  does  not  freeze  fo  foon 
as  water,  and  when  mixed  with  air,  is  converted  into 
froth. 

It  is  imperfectly  foluble  in  water. 

It  mixes  imperfcftly  with  oils  to  a  milky  fluid. 

It  has  no  action  on  the  tinfture  of  htmus  or  fyrup  of 
violets. 

Alcohol  in  fome  meafure  coagulates  it. 

Acids  in  fmall  quantity  produce  a  flocky  appearance, 
in  large  quantity  they  diflblve  it. 

According  to  Plenck,  cauftic  alkalis  and  lime  extricate 
ammonia  from  it. 

From  Pringle's  experiments,  it  poflefles  a  feptic  qua- 
lity. 

In  a  warm  atmofphere  it  foon  runs  into  the  putrid 
fermentation. 

It  appears  to  have  a  flight  acUon  on  fome  of  the  me-  j^^^  ^ 
tals,  as  iron  and  copper.  "^'-^  ""'^ 
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It's  compo-      It's  component  parts  appear  to  be  four-fifths  b?  water^^ 
P^ir  s.   albumen,  according  to  Plenck  ammonia,  arid  an  animai 
earth,    which,  according  to  Weber,  contains  muriat  of 
fcda,  to  which  he  lias  adde^  calcStreous  earth. 

Brugnatclli  found  the  faccharine  acid  in  the  fallva  of  a 
venereal  patient,  whofe  difeafe  was  of  long  ftariding. 

Boerhaave  fays,  it  promotes  the  vinous  fermentation, 
on  which  account  the  Indian  women  are  accuftomed  to 
chew  the  maize  before  they  mix  it  with  water,  to  pro- 
mote it's  fermentation ;  it  is  then  ufed  as  an  agreeable 
drink. 

HelvetiUs  the  alchettiift  expe6led  to  find  in  it  the  phi- 
lofopher's  ftone. 

From  the  above  account  of  the  analyfis  of  the  humari 

fpittle^    little   was    known  concerning   it's    component 

parts ;  but  a  more  detailed  analyfis  has  been  made  by 

Saliva  of  the  Hapel  dc  la  Chcnicr  on  the  faliva  of  the  horfe,  which 

horie  by  de  .         .,,  ,  ^,  •        c 

laChenier.  it  Will  be  neccflary  to  give  iome  account  of. 

He  colle6led  it  whilft  the  animal  was  feeding,  by  malt- 
ing a  pundlu-re  into  the  du£l  of  the  falivary  gland  ;  by  this 
means  he  procured  twelve  ounces  of  it  in  the  fpace  of  24 
hours. 
It's  proper-      it*s  cplour  was  ©fa  light  greenifh  yellow,  foapy  to  the 
examined     touch  J  it's  aroma  weak  but  difgufting ;  it's  favour  falirie  5 
and  "by  !ea-  ^^'^  confiftcncc  thin,    but  by  repofe  it  became  lefs  fluid, 
gem  J,  Qjj  expofure  to  the  air^  it  became  putrid  in    fourteen 

days 5  was  covered  with  a  browrrifli  mouldy  pellicle;  be- 
came thinner,  darker,  and  in  fix  weeks  was  dry,  refem- 
blino;  a  blackifli  earth.  It  does  not  undero;o  the  acetous 
previous  to  the  putrid  fermentation. 

Expofed  to  dephlogifi-icated  air>  this  fef mentation  was 
retarded. 

In  boiling  water  it  coagulated  in  part,  which  coagulum 
was  not  foluble  in  water* 
Alcohol  a6led  in  the  fame  manner,  and  precipitated 
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the  coagiilable  part  in  the  form  of  flocks,  which  wecen<^t 
only  fohible  in  ammonia  but  inwftt^r.  ;  :  .;  .    . 

Vitrlohc  acid  dikited,  coagulated  it,  and  the  remaining 
fluid  afforded  fmall  Qcyftfils  of  Glauber's  faU,  after  fikra- 
tion  and  evaporation. 

Nitrous  acid  made  it  clammy,  and  adepofit  foon  took 
place. 

Marine  acid  made  .it  tQugj^er/  the  other  acids  thicken- 
ed it  more  or  Icfs.  • 

The  coagulated  part  formed  by  the  acids  was  not  fo- 
luble  in  water  like  that  procured  by  alcohol,  but  ammo- 
nia difTolved  It  perfcclly,  and  it  was  again  precipitated  by 
acids. 

Solutions  of  the  alkalis  and  neutral  falts  had  no  qWcQ: 
on  this  faliva;  nof  did  cauftic  alkalis  or  lime  water  pro- 
duce any  fmell  of  ammonia. 

It  precipitated  metals  from  their  folutlons. 

Earthy  neutral  falts caufed  adepofit. 

Oils  and  rcfins  become  uuited  with  water  by  flirring 
them  with  the  faliva;  hence  Chenier  fays,  that  it  may 
ferve  to  extract  the  fat  from  cloths  like  a  foap. 

In  the  heat  of  boiling  water  it  became  thinner  and  de- 
pofited  flocks,  whilfl  there  went  over  on  diflillation  a 
fluid  difagreeable  both  in  fmell  and  in  tafte,  which  wa$ 
neither  acid  nor  alkaline.  The  refiduum  refembled  dried 
mucus,  and  became  moift  on  expofure  to  the  air;  diflill- 
ed  in  a  glafs  retort,  it  produced  a  lemon  coloured  very 
alkaline  fluid,  which  changed  the  fyrup  of  violets  green  j 
and  an  oil  of  the  fame  colour,  w'hich  fwam  on  the  fur- 
face.  In  the  neck  of  the  retort  were  cryflaTs  of  volatile 
alkali,  coloured  by  the  oil;  a  thick,  black,  empyreumatic 
oil,  which  fell  to  the  bottom  of  the  liquor  ;  then  inflam-- 
mable  and  fjxed  airs  ;  there  remained  in  tlie  retort  a  coaly 
and  the  infide  was  lined  with  a  metallic  fplendour,.  whithP 
r^main«d  in  it  a  quarter  of  a  y-eaf. 
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The  coal  was  dlfticultly  incinerated;  and  the  lixivrain' 
afforded  cryftals  of  muriat  of  foda; 
'  drm.    grs. 

Obtained  by      He  obtained  by  this  diftilation>  of  water     I 5 

^^^""*^^'""  Ammonia       .     -     0....3J. 

Thick  empyr.  oil  -     0  . . .  .5 

Inflam.  and  fixed  ailr  0 5 

Goal    ^     -     -     -     0....6i 


Total 1  . .  .30 

ri'scompo-      From  Chenier's  anatyfis,  this  faliva  confifts  of  air^ 
^'*"^'         water,  mineral  alkali,  common  fait,  and  an  earth  which 
he  lakes  to  be  the  earth  of  bones. 

Saliva  taken  from  the  mouth  of  the  horfe,  in  which 
it  is  mixed  with  other  fluids  therein,  taftes  very  evidently 
faline,  and  is  of  a  more  mucous  confiftence  than  the 
other  taken  from  the  du6l.  It  feels  very  (limy,  has  a 
naufeous  fmell,  but  affords  the  fame  produiSts  by  diftil- 
lation  as  the  other.  Chenier  found,  however,  that  with 
lime  and  the  cauftic  alkalis  it  produced  a  fmell  of  am*- 
monia^  which  was  not  the  cafe  with  that  from  the  du6t» 
ii'sanaiyfis  From  this  ftatement  of  the  analyfis  of  this  fluid,  it 
leZ  ^^^^'  fhows  how  imperfe6i  our  chemical  knowledge  is  of  it  at 
prefent ;  a  great  many  more  experiments  being  neceffary 
before  it's  component  parts  are  fufliciently  underftood. 

A  great  analogy  has  been  obferved  between  this  fluid 
and  that  which  is  fecreted  from  the  pancreas  5  their  ufe 
appears  to  be  the  fame,  and  both  of  a  faponaceous  nature. 


Plenck's  Hygrologie  des  Menfchlichen  Korpers.  art. 
Speichel. — Brugnatelli,  in  the  Journal  de  Phyfique.  p. 
214.  1 738. — Hapel  de  Chenier  fur  la  falive  d'un  cheva!, 
in  the  Hiftoire  de  la  Societe  Royale  de  Medecine,  a 
Paris,  p.  327,  333.  an.  1780  &  1 7 81. ^-Weber's  Unter- 
fuchungdcrThicrifchen  Feuphtigkeitcn.  Tubingen.  1780. 
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TEAKS. 

Before  the  experiments  of  Fou^croy  and  Vauquelin, 
this  fecretion  had  never  been  analyfed ;  it  is  even  very 
diflicult  to  procure  a  fufficient  quantity  of  it  for  examina- 
tion, which  may  be  one  rcafon  of  it's  having  been  neg- 
kaed. 

The  tears,  when  in  a  healthy  ftate,  are  clear  and  tranf-  Their  pro- 
parent  as  water,  they  are  without  any  aroma,  their  fa-  ^^'^ ' 
vour  is  evidently  faline. 

Their  fpecific  gravity  is  fomewhat  greater  than  that  of 
diftilled  water. 

On  expofure  to  a  dry  air,  they  evaporate  fpontaneoufly 
to  drynefs ;  and  toward  the  end,  cubic  cryftals  arife 
in  the  midft  of  a  mucus,  which  ferves  them  as  a  mother 
ley,  Thefe  were  found  to  be  the  muriat  of  foda,  and 
foda  in  a  free  ftate.  As  the  tears  thicken  on  expofure, 
they  become  by  degrees  more  yellow.  They  undergo  no 
evident  change  from  the  impreflion  of  heat ;  on  evapo- 
ration, the  aqueous  part  firft  comes  over,  and  at  the  boil- 
ing point  a  foam  appears,  which  is  to  be  attributed  to 
their  mucous  quality  ;  then  an  oil,  and  there  remains  a 
^ry  yellowifh  fubftance,  fcarcely  amounting  to  00,4 
of  the  quantity  employed,  which  is  a  coal  containing 
the  phofphats  of  lime  and  foda  in  fmall  quantity,  being 
fcarcely  perceptible  ;  they  iiave  no  effeft  on  the  tin(9;ure 
of  litmus,  but  change  paper  coloured  by  violets  to  a 
green,  which  proceeds  from  the  foda. 

When  frefli,  they  unite  with  cold  and  hot  water  in  all 
proportions,  if,  however,  they  have  been  previoully  ex- 
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pofed  to  the  air,  fo  as  to  have  received  from  it  a  certain 
confidence  and  a  yellow  colour,  as  before  obferved,  they 
remain  unchanged,  although  from  the  foamy  appearance 
of  the  water  on  agitation,  a  fmall  portion  Teems  to  have 
been  diflblved.  By  continued  expofure,  however,  they 
become  lefs  and  lefs  foluble,  which  feems  to  arife  from 

Unite  with  their  union  with  oxygen. 

oiytjeu,  Alkalis  unite  readily  wjth, them, -by  which  they  are 

rendered  more  fluid,  and  this  is  the  cafe  after  they  have 
attrafted^oxygen. 

Of  all  the  acids,  the  dephlogiftlcated  muriatic  only 
affords  any  thing  remarkable  on  this  fluid  when  fredi. 
It  is  coagulated  by  it  into  white  flocks,  and  becomes 
yellow  as  when  expofcd  to  the  air;  thefe  flocks,,  like 
infpiffated  tears,  are  infoluble  in  water.  The  acid,  by 
lofino;  it's  fmell  and  properties,  fhows  that  it  has  parted 
with  it's  oxygen  to  the  tears,  and  accounts  for  the 
gum  which  is  formed  at  the  angles  of  the  eyes  during 
ileep. 

The  fulphuric  and  muriatic  acids  have  no  effect  on 
frefli  tears,  but  produce  an  effervefcence  when  they  are 
oxygenated..  In  the  firil  cafe,  fulphat  of  foda  remains 
mixed  with  the  mucous  part;  in  the  fccond,  muriat  of 
foda. 

Alcohol,  added  to  frefh  tears  in  fulBcient  quantity,  pre- 
cipitates the  mucous  part  in  the  form  of  large  white 
flocks.  If  the  fpirit  be  feparated  from  the  mucus  and 
evaporated,  traces  of  muriat  of  foda,  and  of  foda,  appear, 
and  ,by  this  method  the  proportion  between  the  faline  and 
mucous  parts  may  be  found. 

Anaiyris.  From  the  analyfis  made  by  thefe  two  chemifls,  it  ap- 
pears that  tears  are  compofed  of  a  peculiar  mucus,  which, 
after  their  water,  forms  the  greatefl  portion  of  muriat 
of  foda,  phofphat  of  lime  and  foda,  which  lafl  forms  fo 
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fmall  a  part  as  to  be  fcarcely  perceptible,  to  which  Plenck 
has  added  phofphat  of  foda.  From  the  limpidity  of  this 
fluid,  it  had  been  confidered  by  many  as  water  nearly  in  a 
pureftate;  amongft  thefewas  Pierre  Petit,  aPhyfician  of 
Paris,  who  publifhed  aTrcatife  on  the  Tears,  about  the  end 
of  the  lad  century.  Some  obfervers,  as  Schcener,  8cc« 
have  likewife  feen  the  formation  of  cryftals  in  them,  and 
they  produce  alkali  according  to  Blafius;  but  further 
inveftigation  is  necelTary  before  we  can  arrive  at  tlieir 
component  parts. 
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NASAL  MUCUS. 

This  fecretion  is  without  favour  or  aroma.     It  is  a 
tranfparent  colourlefs  fluid  when  it  is  frefli  and  thin ; 
but  when  thickened,  it  is  of  a  flight  greenifh  yellow, 
l^'s  proper-      jj-^g  confiftence  is  clammy,  adhering  to  any  thing  it 
touches. 

This  fecretion  is  more  copious  in  childhood  than  at  a 
ftate  of  puberty. 

It's  fpecific  gravity  is  fomewhat  greater  than  that  of 
water.  It  fwims  at  firft  on  the  furface  of  water,  but 
links  to  the  bottom  as  foon  as  the  air  is  extricated  from  it. 

Expofed  to  the  air,  it  becomes  hardened  into  pulveri- 
zable  fhining  leaflets. 

On  a  red  hot  coal,  it  is  nearly  all  evaporated  without 
any  difagreeable  fmell,  which  is  not  the  cafe  when  it  i3> 
united  with  a  little  pus. 

It  neither  unites  with  cold  or  warm  water,  nor  is  di- 
luted by  them  ;  neither  is  it  diflblvcd  by  boiling  water  5 
fince,  according  to  Plenck,  it  falls  to  the  bottom  on  cool- 
ing. 

It  has  no  a6llon  either  on  the  tln6lure  of  litmus,  or 
fyrup  of  violets. 

It  appears  to  unite,  in  fome  meafure,  with  limewater. 

It  does  not  unite  oil  with  water  like  vegetable  mucus. 

It  is  neither  foluble,  according  to  Plenck,  in  neutral, 
nor  carbonated  alkaline  falts,  but  by  the  caufl;ic  it  is  de- 
compofed. 

The  acids  thicken  it  fomewhat  in  fmall  quantities;  in 
large  they  diflblve  it,  and  produce  different  colours. 

The  vitriolic  acid  gives  it  a  purple  red  colour,  and 
diflblves  it,  except  a  few  lumps  which  fall  to  the  bottom- 
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The  muriatic  acid  diflblves  it  totally,  with  an  ame- 
thyfl  colour. 

The  nitrous  acid  when  concentrated  diflblves  it  with  a 
yellow  colour. 

Of  all  animal  fluids,  it  appears  to  be  one  that  is  the 
leaft  fubje6l  to  putrefa(Slion.  It  remained  a  month,  ac- 
cording to  Plenek,  expofcd  to  warmth  in  water  without 
any  fmell. 

Mucus  appears  to  be  the  fame  as  fibrin  of  the  blood, 
with  this  difference,  that  it  contains  a  little  gelatin. 

For  the  examination  ofthenafal  mucus  in  a  difeafed  inadifeaied 
ftate,  we  are  indebted  to  Fourcroy  and  Vauquelin ;  the 
perfon  from  whom  it  was  taken  had  an  inflammation  of 
the  fchneiderian  membrane,  or  what  is  commonly  called 
a  cold,  which  is  the  bed  time  to  obtain  it  in  any  quan- 
tity, i: 

At  the  commencement  of  this  difeafe,  the  mucus  is 
clear  and  traiafparent  as  water^  it's  fmell  fcareely  obfer- 
vable,  it's  favour  faliiie  and  fomewhat  (harp;  in  this 
flate  it  has  a  great  refemblance  in  it's  properties  wdth  the 
tears  y  it  contains  like  them  muriat  of  foda,  foda,  and 
fome  particles  of  phofphat  of  lime.  To  this  may  be  ad- 
ded, that  thefe  two  chemifls  having  procured  fome  of 
this  nafal  mucus  quite  pure  from  a  perfon  who  had  the 
inferior  extremity  of  the  lacrymal  du6l  obftru6ted  fo  as 
to  prevent  the  admixture  of  the  tears,  found  it  perfe6lly 
to  agree  in  it's  properties  with  that  fluid. 

When  this  humour  runs  moreflowly,  toward  the  end  of 
thed  ifcafe,  itremainslongerattached  to  the  fides  of  the  nafal 
cavity,  and  there  it  undergoes  feveral  alterations  5  it  be- 
comes thickened  by  the  heat  of  the  inflammation,  whilil 
the  infpired  air  depofits  a  portion  of  it's  oxygen  as  it  paflcs 
over  it,  and  produces  a  puriform  confiflence  and  yellow- 
ifh  or  greenifh  colour.  On  expiration,  a  part  of  the 
carbonic  acid  uniting  with  the  foda  of  the  mucus,  giv^s 
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it  the  property  of  precipitating  imewatcr  and  barytic 
falls. 

Since,  therefore,  ihe  nafal  mucus  has  more  conftantly 
the  accefs  of  air  than  the  tears,  the  laft  being  only  ex- 
pofed  to  it  upon  the  furface  of  the  eyes,  and  from  it 
can  only  imbibe  the  oxygen,  it  follows  that  the  nafal 
mucus  contains  more  vifcous  matter,  has  more  tenacity 
than  the  tears,  and  on  thickening,'  is  generally  of  a 
more  yellow  colour  than  the  tears  in  the  nafal  fack. 

Thefe  chemifts  found,  that  the  mucus  obtained  by 
the  infpiration  of  dephlogifticated  muriatic  acid  gas 
through  the  nofe  had  very  fimilar  properties  to  that 
obtained  by  a  common  cold,  except  that  the  firft  por- 
tions contained  no  foda,  nor  changed  the  blue  colours  of 
vegetables  to  a  green.  At  firft  the  mucus  flowed  in  great 
abundance,  and  was  tranfparent  as  cryftal ;  but  afterward 
it  became  fomewhat  infpiflated,  and  put  on  the  yellow- 
ifh,  greenifti  appearance  of  pus. 

From  thefe  appearances,  there  is  great  reafon  to  attri- 
bute this  artificial  cold  to  the  oxygen  of  the  marine  acid, 
lince  it  was  found  that  the  fumes  of  other  acids,  which 
contained  no  oxygen  in  a  free  ftate,  produced  no  fuch 
aiSlion. 


Plenck,  art.  Thranen — Examen  chimique  des  Lar- 
mes,  and  de  PHumeur  des  Narines,  Bcc.  par  MeiTrs, 
Fourcroy  et  Vauquehn.  Journal  de  Phys.  Sem.  2.  p.  234. 
1791.  &  Annal.  de  Ch.  p.  113.  v.  10. 
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PUS. 

This,  In  a  healthy  flate,  is  a  whitlfh  fluid,  fecreted 
from  the  furface  of  an  inflamed  part,  and  is  of  the  con-  It's  proper 
flftence  of  cream. 

It's  favour  is  mawkifli,  and  it's  aroma  when  warm  is 
peculiar  to  it,  when  cool  it  is  inodorous. 

We  are  infbrmed  by  Home,  that  when  examined  by 
themicrofcope,  it  is  fomid  to  confifl:  of  two  parts,  viz.  of 
white  globules  and  a  tranfparent  colourlefs  fluid. 
It's  fpecific  gravity  is  greater  than  that  of  water. 
It  does  not  readily  go  into  the  putrid  fermentation. 
According  to  Hlldebrandt,  by   a  moderate  warmth  it 
undergoes  the  acetous  fermentation. 

Heat  does  not  coagulate  it,  but  evaporates  it  to  dry- 
nefs. 

By  the  dry  diftlllation,  Brugmann  informs  us,  it  gives 
an  aqueous  fluid,  which  is  neither  jicid  nor  alkaline,  then 
becomes  thick  and  brown  in  colour}  in  a  flrong  heat,  it 
aflbrds  an  alkaline  fpirit,  and  ammonia  in  a  fixed  fl:ate, 
an  empyreumatic  oil,  and  leaves  a  blackifli  fliining  coal, 
difficult  to  incinerate.  The  aflies  are  very  fmall  in  quan- 
and  of  a  dark  reddifli  colour. 

When  placed  on  red  hot  coals,  it  produces  an  animal 
arorna  and  inflames. 

It  does  not  unite  with  water  in  the  heat  of  the  atmqf-. 
phere,  but  falls  to  the  bottom  ;  if,  however,  a  confidera- 
ble  heat  be  applied,  it  rifes,  and  is  diff'ufed  through  the 
water;  and  remains  mixed  with  it  even  after  cooling, 
the  globules  appearing  to  be  decompofed. 

Pus,  from  a  gonorrhoea,  and  the  fmall  or  chicken  pox, 
has  the  fame  appearance  as  that  from  a  healthy  ulcer. 

R4 
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It  has  no  corroding  a6lion  on  flefli. 

It  fhows  the  prefence  neither  of  a  difengaged  acid  nor 
alkali. 

Vitriolic  acid,  when  concentrated,  diflfolves  it,  form- 
ing a  darkifli  purple  colour.  On  diluting  the  folution 
with  water,  the  dark  colour  difappears,  and  the  pus  fe- 
paratcs  again  in  the  form  of  a  porous  fubftance,  part  of 
which  fwims  at  the  top,  the  other  finks. 

Concentrated  nitrous  acid  produces  with  it  a  lemon- 
coloured  folution,  and  the  addition  of  water  feparates  a 
gray  coloured  fubftance  from  it. 

Strong  muriatic  acid  forms  with  it  an  afh  gray  coloured 
folution,  from  which  water  feparates' the  pus  in  it's  na- 
tural (late. 

Carbonated  potafli,  according  to  Hildebrandt,  mixes 
with  pus,  and  about  twelve  times  as  much  diftilled 
water  heated  to  100^  of  Fahrenheit,  and  becomes  of  a 
gelatinous  ropy  confidence.  Bad  pus  only  gives  a  weak 
gelatin. 

Neutral  falts  have  no  a6lion  upon  it. 

Canftic  alkalis  form  with  it  a  homogeneous,  ropy, 
whiti(h  fluid ;  the  pus  is  again  perfe6lly  feparated  by  wa- 
ter and  acids. 

Alcohol  thickens  it  by  attracting  it's  aqueous  particles^ 
but  does  not  diflblve  it. 

Oils  mix  with  it,  but  have  no  aftion  in  their  mild 
ftate. 
Diftin-  Much  has  been  faid  refpe6ling  the  diftixiguifliing  pro- 

fiom  mucus  parties  of  pus  and  mucus,  and  an  ingenious  DifTertation 
hy  Darwin,  jj^g  ^^en  written  by  Charles  Darwin  upon  this  fubjccl, 
who  draws  the  following  conclufions  from  his  experi- 
ments :  1.  Pus  and  mucus  are  both  foluble  in  the  vitriolic 
acid,  though  in  very  different  proportions,  pus  being 
much  the  lefs  foluble.  2.  The  addition  of  water  to  either 
of  thcfe  compounds  decompofes  it;   the  mucus,   thus 
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feparated^  either  fwims  on  the  mixtisre  or  forms  large 
flocci  in  it ;  whereas  the  pus  falls  to   the  bottom,  and 
forms  on  agitation  an   uniform  turbid -niixttire.     3.  Pus 
is  diffuiible   through   a    diliUcd   vitrioHc    acid^  though 
mucus  is  not ;  the  fame  occurs  with,  water  or  a  folution 
of  fea  fait.     4.  Nitrous  acid  diffolvtjs  both  pus  md  mu- 
cus ;  water  added  to  the  folution  of  pus  produces  a  preci- 
pitate,    and  the  fluid   above   becomes   clear  and  green, 
while  water  with  the  lolution  of  mucus  forms  a  dirty- 
cok)ured  fluid.     5,  Alkaline  li^dvium  diffblves   (though 
fometimes  with  difficulty)  mucins^  and  generally  pus.    6. 
Water  precipitates  pus  from  fuch  a  folution,  but  does 
not  mucus.   7.  Where  alkaline  lixivivim  does  not  diflblve 
pus,  it  flill  diftinguiihes  it  firorrr  mucus,  as  it  then  pre- 
vents it's  diffufion  through  water,     8.  Coagulable  lymph 
is  neither   foluble  in  dilu  ted.  nor  concentrated  vitriolic 
acid.     9-  Water  produces   no  change  on  a  folution  of 
ferum  in  alkaline  lixivium^  until  after  long  ftanding,  and 
then  only  a  very  flight  fedamient  appears.     10.  Corrofive 
fublimate  coagulates  mucus,  but  does  not  pus. 

The  author  thinks,  tbieifefore,  ihdX  Ji rang  vitriolic  acid 
and  water  i  diluted  vitrioi'ic  acid ;  and  caufttc  alkaline  lixi- 
vium and  water  will  fervie  to  diilinguifli  pus  from  mucus  \ 
that  the  vitriolic  acid    <can  feparate  it  from   coagulable 
lymph,  and  alkaline  liicivimn  from  ferum.     And  hence 
when  a  perfon  has  any  expe(Slorated  material,  the  com- 
pofition  of  which  he  wishes  to  afcertain,  let  him  diflblve 
it  in  vitriolic  acid,  and  in  caufl:ic  alkaline  lixivium  ;  and 
then  add  pure  water  t  c>  both  folutions,  and  if  there  is  a 
fair  precipitation  in  ea<  ;h,  he  may  be  afllired  that  fome 
fus  is  prefent ;  if  in  nt  ither  a  precipitation  occurs,  it  is  a. 
certain  tefl:  that   the    material  is  entirely   mucus  \  if  the- 
material  cannot  be  m  ade  to  diflblve  in  alk  aline  lixivium 
by  time  and  trituratioi  y^  there  is  rcafon  Vj  believe  that  it 
is  pus. 
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According  to  Saliiiuth,  who  has  examined  this  me- 
thod of  dillindlion,  the  criterion  which  that  ingenious 
youth  wiflicd  to  eftablifli  cannot  be  reUed  upon,   hencu 
other  methods  have  been  propofed. 
Home.  We  are  informed  by  Home  that  the  property  which 

chara(9:erifes  and  diftinguilhes  pus  from  mod  of  the  ani- 
mal fubilances  is  it's  being  compofed  of  globules.  This 
property  was^fird  obfcrved  by  John  Hunter,  and  is  an 
accurate  means  of  knowing  healthy  pus. 

Home  found  that  mucus,  and  every  other  animal  fub- 
flance  affected  by  the  aftion  of  putrefaction,  appear  to 
be  compofed  of  flakes  when  examined  by  the  microfcope ; 
that  this  property  of  being  compofed  of  globules  fhows 
that  pus  has  a  great  affinity  to  the  other  animal  fccretions, 
although  in  many  circumflances  it  may  differ  from 
them  ;  viz.  it  differs  from  the  blood  in  the  colour  of  the 
globules,  in  their  not  being  foluble  in  water,  whilft  thofe 
of  the  blood  are,  and  from  the  fluid  in  which  they  fwim 
being  coagulable  by  a  folution  of  fal  ammoniac,  which 
ferum  is  not. 

It  differs  from  chyle  in  it's  globules  being  larger;  not 
coagulable  on  expofure  to  the  air,  nor  by  heat,  whilft 
thofe  of  chyle  are. 

The  globules  of  the  pancreatic  juice  are  much  fmal- 
ler. 

Thofe  of  milk  are  nearly  of  the  fame  (ize  as  thofe  of  pus, 
though  much  more  numerous ;  but  milk  coagulates  by 
rennet^  which  pus  does  not ;  and  likewife  contains  oil  and 
fugar,  which  are  not  to  be  difcovered  in  pus. 

To  try  the  'comparative  action  which  pus  in  the  body, 
and  pus  and  jelly  out  of  it,  had  on  flefh.  Home  put  a 
piece  of  flefh  into  a  healthy  abfcefs,  and  equal  weights  of 
the  fame  he  immerfed  in  equal  quantities  of  pus  and  jelly 
in  two  glaffes,  which  were  kept  nearly  in  the  tempera- 
ture of  the  human  body  3  and  it  appeared  that  in  twenty- 
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four  hours  the  fleili  in  the  abfcefs  was  quite  fvveet ;  that 
in  the  pus  had  a  flight  putrid  fmell,  and  had  decreafed  ia 
lize;  that  in  the  jelly  was  become  fmaller  and  ^ner  in 
it^s  texture.  In  fix  days  the  fleih  in  the  firll  was  leflfened, 
but  quite  fweet ;  in  the  fecond  it  was  diflblved  in  ninety- 
fix  hours,  whilft  that  in  the  jelly  was  not  putrid,  but 
much  fmaller.  The  mufclc  in  the  abfcefs  was  preferved 
a  few-  days  longer  without  undergoing  any  change  or  di- 
minution in  weight. 

To  determine  this  diftin6lion  likewife  between  pus  ^rafmeyer. 
and  mucus,  Grafmeyer  has  lately  propofcd  the  following 
experiment.  The  fubftancc  to  be  examined  is  mixed  by 
trituration  with  an  equal  quantity  of  tepid  water,  a  fatu- 
rated  folution  of  perfectly  aerated  potafli,  equal  in  weight 
to  the  fubftance,  is  added,  and  the  mixture  being 
gently  agitated  is  fct  afide.  If  the  mixture  be  pus  or 
mixed  with  it,  a  tranfparcnt  tenacious  jelly  will  feparate 
in  a  few  hours  |  on  the  contrary,  if  the  mixture  contain 
no  pus,  it  win  remain  unchanged. 

On  diflillation  Brugmann  obtained  from  SJ  ounces 
of  pus,  in  a  heat  of  boiling  water,  7 1  of  a  tranfparent 
water  without  fmell,  which  contained  neither  an  acid 
nor  an  alkali  ^  by  a  ftrong  heat,  3  drachms  of  an  empy- 
reumatic  ammoniacal  fluid;  2  fcruples  of  the  fame  mixed 
with  an  oil,  f  drachm  of  dry  ammonia,  and  |  of  an 
ounce  of  an  empyreumatic  oil,  and  the  remaining  coal 
contained,  when  incinerated,  iron,  calcareous  eartli^  and 
no  fait. 

In  a  fl:ate  of  difeafe,  as  in  fcrofulous  abfceffes,  pus  in  a  dir- 
confiflis,  according  to  Home,  of  globules  and  flaky  par-  ^^^  ^' 
tides  floating  in  a  tranfparent  fluid  ;  the  flaky  part 
is  greater  in  proportion  to  the  fmallnefs  of  the  inflamma- 
tion; and  in  thofe  abcefles  unaccompanied  by  in- 
flammation, their  whole  contents  are  curdly  and  flaky ; 
whilfl;  in  irritable  ulcers  the  difcharge  is  often  thin,  being 
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principally  compofed  of  an  aqueous  fluid  of  an  irriuting 
nature,  and  very  much  inclined  to  become  putrid.  Ac- 
In  th^can-  cording  to  Crawford,  the  pus  from  the  cancer  conftantly 
Crawtoid.  changed  the  (imp  of  violets  green,  which  he  attributes 
to  it's  containing  ammonia;  and  potafh  produced  no 
chanore  in  it.  Sulphuric  acid  coloured  it  brown,  and  difen- 
gaged  with  an  effervefcencc  a  difagreeable  odour  refem- 
bhng  fulphureous  hydrogenous  gas.  From  his  experi- 
ments Dr.  Crawford  concludes,  that  this  pus  contains  a 
principle  pofleffing  many  properties  of  hepatic  air,  which 
he  thinks  is  combined  with  the  ammonia,  and  he  calls  it 
animal  hepatic  gas.  This  pus,  diluted  with  water  and 
diftilled,  afforded  at  firft  the  air  of  the  retort  charged 
with  the  cancerous  odour  ;  this  was  fucceeded  by  fome 
whitifti  vapours  with  a  putrid  odour.  When  the  water 
was  entirely  evaporated,  a  new  gas  arofe  exhaling  the 
odour  of  burnt  bones,  with  fome  empyreumatic  oil.  It 
appears,  therefore,  to  Dr.  Crawford,  that  the  {linking 
odour  of  this  pus  is  a  volatile  fubftance,  which  forms  the 
nidus  for  the  cancerous  poifon. 

Dr.  Crawford  is  of  opinion,  refpe6ling  the  matter  of 
the  cancer,  that  chemical  changes  and  combinations 
take  place ;  his  reafons  for  thinking  fo  are,  that  in  the 
cancer,  and  in  malignant  ulcers,  the  animal  fibre  under- 
goes nearly  the  fame  change  as  in  dry  diftillation.  The 
purulent  matter  neceffary  to  the  cure  of  the  ulcer  is  in 
this  cafe  mixed  with  the  animal  gas  and  ammonia. 

This  compofition,  which  may  be  called  an  ammoniacal 
fulphure,  attacks  metals  and  decompofes  metallic  falts, 
,  for  when  it  is  enclofcd  afewdays  upon  mercury,  it  changes^ 
it's  furface  to  a  black  colour,  and  it  immediately  precipi- 
tates the  folution  of  nitrat  of  filver  of  the  fame  colour. 
Thefe  fa61:s  appear  to  Crawford  to  explain  what  takes 
place  on  applying  metallic  falts  to  a  malignant  ulcer,  the 
ammonia  unites  to  the  acid   of  the  fait,  and  the  hepatic 
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onimal  gas  reduces  the  metal  by  felzing  it's  oxvgen. 
(According  to  Crawford,  by  reftoring  to  it  the  infiam- 
inable  principle). 

-  It  is  probable^  that  the  metal  thus  reduced  is  fometimee 
attacked  again  by  the  ammoniacal  fulphure,  which  gives 
it  a  black  colour.  The  fame  origin  may  be  afcribed  to  th« 
black  cruft  formed  on  the  tongue  and  in  the  mouth,  when 
venereal  ulcers  of  the  throat  are  wadied  with  a  folution  of 
corrofive  muriat  of  mercury ;  to  the  obfcure  colour 
which  cataplafms  made  of  the  acetite  of  lead  have  upon 
bad  ulcers;  and  to  the  change  which  founds  fometimes 
imdergo  after  having  been  introduced  into  the  finuses  of 
fuch  ulcers,  or  applied  to  carious  bones.  Hence,  un- 
doubtedly, is  the  reafoh  of  polidied  metals  fo  eafily  tar- 
nifhing  on  expofure  to  the  putrid  effluvia  of  animal  fub- 
ftances. 

Hepatic  animal  gas,  Dr.  Crawford  found,  communi- 
eates  a  green  colour  to  recent  fat;  it  renders  animal,  fibres 
foft  and  flaccid  ;  it  accelerates  putrefaAion  ;  hence  it  is  a 
feptic,  and  it  is  very  probable  that  the  compofition  re- 
fulting  from  it's  union  with  the  ammonia,  contained  in 
the  liquor  nmning  from  an  open  cancer,  produces  dele- 
terious effects  and  aggravates  the  difcafe.  It  is  the  am- 
moniacal fulphure  that  communicates  to  the  cancerous 
matter  it's  putrid  odour,  it's  tenacity,  and  all  the  proper- 
ties that  diftinguiih  it  from  ordinary  pus. 

According  to  Dr.  Crawford,  therefore,  a  fubftance 
capable  of  decompofing  the  ammoniacal  fulphure,  and 
of  deftroying  the  fetor  of  the  animal  hepatic  gas,  with^ 
out  increaiing  the  mortification  of  the  veifels,  would  ne- 
ceflarily  produce  falutary  effe6ls.  The  nitric  acid  only 
deftroys  this  fetor  at  a  high  degree  of  concentration,  and 
in  this  flate  it  is  corrofive.  On  the  contrary,  this  gas  is 
deprived  of  it's  fetor  as  foon  as  It  Is  mixed  with  the  oxy- 
genated muriatic  acid',  even  diluted  with  three  times  it's 
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-weiglit  of  water ;  the  application  can  then  be  made  with- 
out danger,  provided  the  cancerous  ulcer  be  not  very  ir- 
ritable. V 
In  the  hof-      The  matter  of  the  hofpltal  fore,  which  is  produced,  lac* 
b  "  Cruick-  cording  to  Dr.  Rollo,  by  a  poifon  fui  generis,  as  are  the 
to^k.        venereal,  fcrofulous,  cancerous,  and  variolous  fores,  has 
been  examined  by  Cruickfliank. 

This  matters  appears  to  be  fparingly  foluble  in  water, 
but  being  readily  difFufed  through  it  produces  a  milki-^ 
nefs. 

It  produces  no  effe^l  on  theinfufions  of  litmus  or  Bralil 
wood,  hence  is  neither  acid  nor  alkaline. 

Pure  ammonia  reduces  it  to  a  tranfparent  jelly,  and  af- 
ter fome  time  diflblves  the  greater  part  of  it ;  the  fame 
happens  to  pure  pus. 

Acids,  and  particularly  the  fulphuric,  precipitate  but 
partially  thefe  folutions. 

The  folution  of  nitrat  of  iilvcr,  poured  into  the  filtered 
aqueous  folution  of  this  matter,  occafions  a  whitifh  pre- 
cipitate. 

The  fame  effe<Sl  is  produced  by  the  ftitrat  and  murlat 
of  mercury ;  but  the  precipitate  is  much  more  abun- 
dant. When  pure  pus  is  treated  in  the  fame  manner, 
thefe  precipitates,  particularly  that  by  muriat  of  mer- 
cury, have  fomewhat  of  a  different  appearance,  difficult 
to  defcribe. 

Limewater  rather  changes  it's  fetid  odour,  but  does 
not  deftroy  it ;  fulphuric  acid  increafes  it ;  alcohol,  and 
a  folution  of  the  oxyd  of  arfenic  in  potafh,  produce  the 
fame  effeft.  This  fetor  refifts  the  deco6lion  of  Peruvian 
bark  ;  on  the  contrary,  it  is  deftroyed  by  the  nitrats  and 
muriats  of  mercury,  by  the  nitrous  acid,  but  more  com- 
pletely by  the  oxygenated  muriatic  acid,  either  in  a  liquid 
ftate  or  in  the  form  of  gas.  The  nitrat  of  iilver  pro- 
^        duces  very  little  change  either  in  it's  colour  or  odour* 
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which  is  the  more  remarkable  from  this  fait  having  the 
property  of  deftroying  the  mod  offeniive  odours,  even 
that  of  the  matter  of  the  cancer. 

Cruick{hank  Is  of  ophiion,  that  the  bad  odour  of  this 
matter  of  the  ulcer  is  produced  by  a  change  of  one  part 
of  the  true  pus;  for  every  ill  conditioned  difcharge  has 
more  or  lefs  fmell,  while  good  pus  has  none;  and  lince 
it  is  a  principle  in  chemiftry,  with  only  few  exceptions, 
that  the  odour  of  a  fubftance  cannot  be  entirely  dellroyed 
without  changing  it's  properties  at  the  fame  time,  there 
is  reafon  to  think,  that  if  the  odour  of  this  peculiar  mor- 
bific matter  be  entirely  deftroyed  by  the  addition  of  the 
nilrat  or  muriat  of  mercury,  the  oxygenated  muriatic 
acid,  &c.  it's  properties  will  be  likewlfe  changed, 

Suppofing  then,  that  an  acid  matter  produced  by  fome 
means  on  the  furface  of  a  fore  is  able  to  produce  ulcera- 
tion of  a  fpecific  kind,  and  that  this  ulceration,  like  that 
of  the  venereal  vifcus,  is  able  to  propagate  itfelf  by  form- 
ing a  iimilar  matter,  or  even  to  induce  a  general  aflfeclion 
of  the  fyftem  ;  there  arc  feveral  important  confequenccs 
might  be  drawn  from  thefe  experiments. 

ift.  A  fore,  once  clean,  might  be  prefervcd  from  the 
cffe6ls  of  the  matter  alluded  to,  and  even  it's  generation, 
prevented,  by  wafhing  it  at  every  drefllng  with  a  weak 
folution  of  nitrat  of  mercury,  or  with  the  oxygenated  mu- 
riatic acid. 

2d.  When  this  matter  begins  to  form,  it's  progrefs 
may  not  only  be  flopped,  but  that  already  formed  may 
be  deftroyed  by  the  application  of  a  proper  topic.  In  thig 
cafe,  the  aibove  experiments  fliow,  that  the  moft  prefer- 
able are  the  moft  a6live  mercurial  prepar.^tions,  fuch  as 
the  muriat  of  mercury,  or  the  precipitated  red  oxvd  of 
the  nitrat  of  mercury,  which  has  not  been  entirely  eduU 
corated.  If  it  be  ncceflfary  to  employ  actual  caaftlc, 
the  beft  method  is  that  of  Mumpage,  which  coniifis  not 


255  FLUIDS. 

in  the  application  of  the  nitrat  of  filver,  but  in  applying 
to  the  part  a  fniall  piece  of  linen  dipped  in  fome  concen- 
trated nitrous  acid,  which  occafions  lefs  pain  than  the 
other. 

Refpcc^ing  the  aftion  of  different  fubftances  employed 
as  caullic  applications  ou  fores,  they  may  be  dillinguiflied 
into  four. 

ifl.  Subftances  producing  a  violent  a6lion,  fo  as  to 
occafion  the  death  of  the  part  to  which  they  are  expofed, 
fuch  as 

Aricnic, 

Muriat  of  mercury. 
2d.  Subflauces  a«^ing  (imply  by  burning  or  deftroy- 
ing  the  part,  the  action  of  which  is  always  limited,  as- 

Niti;at  of  filver, 

Nitrat  of  mercury. 

Nitric  acid. 
3d.    Subftances   a6ling    as    menllrua,  the  action  of 
which  It  is  difficult  to  limit,  as 

Common  lunar  cauflic. 

Mixture  of  potafh  and  lime. 
4th.  Subftances   a6ling  chemically  on  the  part,  by 
decompofition  as 

Oxygenated  muriatic  acid,  either 

united  with  water  or 

in  a  ftate  of  gas. 
&r.RoUo.  We  are  informed  by  Dr.  Rollo,  that  by  chemical 
means  he  was  fo  fortunate  as  to  deftroy  the  morbid  poi- 
fon  of  the  hofpital  fore;  for  this  purpofe  he  made  ufe  of 
the  oxygenated  muriatic  acid,  the  nitrats  of  filver  and 
of  mercury,  and  the  oxygenated  muriatic  acid  gas. 
He  began  by  wuftiing  the  fore  with  warm  water ;  the 
ulcerated  part  was  then  immediately  touched  with 
the  nitrat  of  filver ;  tbe  fore  was  afterward  moif- 
t'.'ued  with  a  diluted  folution  of  nitrat  of  mercury,  or 
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a  mixture  of  oxygenated  muriatic  acid  arid  diftliled 
water,  and  the  whole  was  then  covered  with  a  lineri 
cloth  which  had  imbibed  both.  The  oxv2:enated  muri- 
atic  acid  gas  wasalfo  applied  to  the  ulcer,  and  the  diluted 
folution  of  nitrat  of  mercury  on  the  whole  of  the  fore. 
By  this  treatment  the  fore  foon  became  cicatrized,  and  it 
only  failed  when  the  ulcer  was  too  extenlive  to  be  en- 
tirely a<Sled  upon  by  the  nitrat  of  mercury  or  the  oxygen-^ 
ated  muriatic  acid  gas* 


Home  on  Ulcers.- — Hildebrandt's  Anfangsgrunde  der 
Ch. — S.  I.  Brugmann,  Difl'ertat.  de  Puogenia.  Gron. 
1 783. — Experiments  eftablifliing  a  Criterion  between  mu- 
c^glnous  and  purulent  Matter,  by  Charles  Darwin. 
Litchfield,  1780. — Henr.  Salmuth  de  Diagnofi  Purisi 
GoetU  1783. — Hermann  Grafmcycr's  Abhandlung  von 
Eiter  and  den  Mittein  ihn  von  alien  andcrn  Fenchtigkeiten 
Z\\  unterfchciden.  Gottingcn,  1790, — Pus  of  the  Cancer 
by  Dr.  Crawford,  Annales  de  Chim.  torn.  12.  p.  149. — 
An  account  of  two  cafes  of  the  Diabetes  mellitus,  by  J. 
Rollo,  M.  D.  with  the  rcfults  of  the  trials  of  various 
Acids  and  other  Subftances,  in  the  treatment  of  Lues  ve- 
nerea, by  Wm.  Cruickibank,  2  vol.  Dilly,  London, 
1797,  and  Annal.  de  Ch.  No.  86,  p.  209. 
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SYNOVIA. 

This  is  a  tranfparent  glutint)us  ffuid,  whicfi  is  fecreted 
"between  the  articulations  of  animals  to  preferve  them 
from  friction.  The  nature  of  this  fluid  was  very  little 
known  before  the  experiments  of  Marqueron  on  that  of 
the  ox. 
It's  proper-  It  is  of  a  whitidi  greert  colour,  has  an  animal  aroma 
refembling  that  kind  of  mucus  found  on  the  exterior  of 
frogs. 

It's  favour  fomewhat  faline. 

It's  fpecific  gravity  is  greater  than  that  of  diftilled 
water.  On  being  taken  from  the  joints  it  becomes  of  a 
gelatinous  conliftence,  but  does  not  continue  long  fo, 
it  is  then  as  tenacious  as  before ;  at  laft  it  is  fluid  and 
gives  a  depofit.  If,  however,  it  be  filtrated  on  being  re- 
ceived from  the  jointSj  it  does  not  become  gelatinous. 

Tt  changes  green  the  blue  colour  of  vegetables^  and 
precipitates  lime  from  it's  aqueous  folution. 

It  unites  with  water  and  makes  it  gelatinous ;  even  one 
part  of  fynovia  gives  fix  parts  of  water  very  evidently  this 
property.  'The  mixture  eftervefces  on  agitation  5  i-f  boiled, 
it  lofes  it's  tranfparency  and  receives  a  milky  colour,  and 
there  arifes  to  the  furface  a  coagulated  lymph  j-  but  al- 
though one  part  of  the  gluLint)us  mafs  has  been  thus  fe-^ 
parated  by  boiling,  the  mixture  ftill  retains  a  glatinous 
appearance.  If  a  very  diluted  acid  be  added  to  this 
mixture,  there  arifes  a  fingular  eife61:,  whether  in  the 
vi^arm  or  cold  way.  It  becomes  in  an  infiant  quite 
tough,  which  toughnefs  it  lofes  on  being  ftirred.  It 
'  then  becomes  clear  and  tranfparent,   and  a  peculiar  fub- 

ftance  feparates  which  is  gluey  and  elafiic.     For  this  ex- 
perimtnt  vinegar  is  the  befl:^  as  a  concentrated  acid  caufe* 
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no  teparation.  The  remaining  liquor  ftill  retains  fome 
albuminous  matter,  which  on  evaporation  appears  in  the 
form  of  a  pellicle. 

Carbonated  alkalis  mix  readily  with  fynovia  }  but  cauf- 
tic  render  it  fluid. 

Concentrated  acids  precipitate  a  flocky  fubftance  from 
it,  which  is  foluble  again  in  the  acid.  When  diluted^ 
they  coagulate  it. 

Alcohol,  without  depfivitig  it  of  it's  glutinous  appear- 
ance, likewife  fcparates  a  flocky  matter  from  it. 

By  diftillation  it  Ihows  nothing  pecuHar;  there  arifeS 
a  water  which  eafily  putrifies,  an  empyreumatic  oil,  and 
ammonia.  In  the  remaining  coal  alkali  and  muriat  of 
foda  ^re  found  on  lixiviation  ;  and  when  incinerated  th€ 
afhes  afford  phofphat  of  lime. 

Hence  it  fhows  the  properties  of  the  white  of  the  egg» 
It  is  foluble  in  water  ahd  in  an  alkali,  with  which  laft 
it  effervefces  on  agitation ;  it  coagulates  by  heat  or  by 
acids  or  alcohol ;  but  it  appears  to  demand  further  invef- 
ligation,  fince  it  is  a  peculiar  liquor  that  coritaing  two 
fpecies  of  albumen  :  288  grains  of  fynovia  by  chemical 
analyfis  afforded 

Albumen  in  a  peculiar  ftate 34  grs.         Anaiyfls. 

Common  albumen 13 

Muriat  of  foda 3 

Carbonat  of  foda , .  . .    2 

Phofphat  of  lime 2 

Water 232 

288  grs. 

According  to  Hatchett,  480  grains  of  fynovia  did  not 
yield  more  than  one  grain  of  phofphat  of  lime. 

Memoire  fur  PExamen  de  la  Synovie,  par  M»  Mar- 
queron^  Journ*  de  Phys.  fern.  2.  p.  463,  an.  l792o 
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SPERMA  VIRILE. 

The  component  parts  of  this  fccretinn  were  but  little 
under  flood  before  the  experiments  of  Vaiiquelin,  which 
have  not,  however,  thrown  any.  light  on  the  caufes  of  it's 
very  extraordinary  properties. 

Semen,  as  it  comes  from  the  body  of  a  young  healthy 
perfon,  prefents  itfelf  under  two  forms  :  one  part  is  fluid 

Confiftcnce.  and  milky,  and  the  other  of  the  confiftence  of  a  thick 
mucus,  in  which  is  to  be  obferved  a  number  of  white 
-fhining  threads,  more  particularly  if  it  be  agitated  in  cold 
water. 

According  to  Plenck,  it  is  yellowifh  in  the  tefticles,  and 
of  a  dark  vellow  colour  in  the  veficulae  feminales  ;  by  fre- 
<|ncnt  emiffion  it  is  whitifh.  In  perfons  under  the  jaun- 
dice, and  thofe  who  have  taken  faffron,  it  is  yellow, 
whilft  in  a  perfon  who  had  the  black  jaundice  it  was 
black. 

Lewenhoeck,  Hartfoecker,  Baker,  Haller,  Buffbn, 
and  Spallanzani,   have  amufed  themfelves  with  the  exa- 

Examined    miuation  of  this  liquor  under  the  microfcope,   in  which 

crofcwpe.  they  obferved  numberlefs  animalcula  or  vermiculi,  the 
laft  has  even  written  their  hiftory,  whilft  various  theories 
have  arifen  from  the  fpeculative  mind  of  genius,  to  ac- 
count for  the  procefs  of  generation  from  the  appearance 
of  fuch  minute  beings. 

In  Rdfier's  Journal  de  Phyfique  for  January  1784,  p. 
437,  is  a  memoir  in  which  the  author  obferves,  that  if 
this  liquor  be  examined  from  the  12th  to  the  7*-2d  hour 
after  it's  extraction,  and  before  it  becomes  putrid,  and 
is  in  a  tranquil  ftate,  from  the  death  of  thefe  animalcula, 

Ciyi"tai:i7.i-  (jaeh  drop  is  found  to  contain  a  number  of  very  fniall, 
light,  brilliant  cryflals,   either  fw  imniing  on  the  liquor 
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or  fiifpended  in  it.  This  experiment  muft  be  tried  in  a 
place  where  no  duft  can  moleft  it,  and  where  the  heat  is 
neither  above  25^  nor  below  5^  of  Reaumur.  Thcfe  cryf- 
tals  are  fpindlefliaped,  or  rather  conlift  of  cones  pp< 
pofed  at  their  baiis,  and  the  fides  of  which_,  inftead  of 
being  ftraight  hues  are  rather  convex  ;  fome  are  ifoiated, 
others  in  groups,  their  dimenfions  varying  frpm  J-^  to  -jl^ 
of  a  Hne  in  a  diameter.  Some  of  thefe  arc  even  fo  large 
as  to  be  feen  by  the  naked  eye  ;  they  neither  deliquefce 
nor  efflorefce.  It  appears  that  this  faline  fubflance  is  not 
found  until  after  a  certain  degree  of  fpontaneous  evapo- 
ration. Thefe  cryflals  feem  to  have  efcaped  the  ob-» 
fervation  of  Haller,  and  fome  other  natural  philofophers 
who  have  examined  this  liquor.  They  faw  no  cryitals, 
although  they  were  very  defirous  to  complets^  it's  analyfis. 
He  tells  us,  that  this  liquor,  diflilled  in  a  fahd  bath,  af- 
forded a  phlegm,  a  quantity  of  fetid  oil,  a  little  volatile 
fait,  and  a  good  deal  of  earth.  We  are,  however,  not 
informed  of  what  this  volatile  fait  was  compofcd  ;  it 
could  not  be  the  cryftallized  fait  above  mentioned,  which 
appears  to  have  been  a  neutral  fait,  nearly  infoluble  in  al- 
cohol, not  volatile,  far  from  deliqucfcing,  and  only  fo- 
luble  in  a  very  large  quantity  of  water ;  it  likewife  ap- 
pears to  cxift  entirely  developed  in  the  ferninal  liquor,  in 
which  there  could  be  no  appearance  of  ammonia  at  fo 
early  a  period.  Thefe  cryflals,  however,  which  the  au- 
thor of  the  memoir  appears  to  be  fo  defirous  of  being 
brought  to  light,  are  moft  probably  the  fame  which 
Vauquelin  found  in  his  examination,  an  account  of 
which  will  be  given. 

According  to  Vauquelin,  the  favour  of  this  fluid  when  e: 


pen. 


frefli  is  fliarp,  pungent,   and  fomewhat  aftringent,  con-»  "^^'^ji'^"^^ 
trailing  the  organs  of  tafte  ;    it's  aroma  is  iufipid,  like  ^^^^i^'t*''''. 
that  of  moft  other  animal  fubftances.  On  the  contrary,  we  n^^s, 
are  told  by  Pleuck,  that  it's  aroma  is  of  a  peculiar  kind, 
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very  ftrong  to  the  organs  of  fmellj  and  not  nnplcafant. 
That  the  fame  ftnell  is  found  in  the  roots  of  orchis,  in 
the  down  of  chefnuts,  and  in  the  anthers  of  feveral 
plants.  In  fome  quadrupeds,  this  aroma  is  fo  ftronfij 
and  penetrating  in  the  feafon  of  their  amours,  as  to  taint 
the  flefh  j  hence  the  flelh  of  the  goat  at  this  period  is 
not  eatable. 

With  refpecSi:  to  it's  fpecific  gravity,  it  differs  accord" 
ing  to  circum (lances,  but  it  is  always  heavier  than  dif* 
tilled  water,  in  w^hich  it  immediately  finks  to  the  bottotn 
if  it  has  not  previoufly  imbibed  a  few  particles  pf  air. 
If  rubbed  in  a  mortar  it  becomes  pituitous  and  thick, 
refembling  pomatupi,  which  Vauquelin  attributes  to  thd 
admixture  of  air.  Whenfrefh,  it  changes  the  blue<>o- 
lours  of  vegetables  to  a  green,  and  precipitates  calca^ 
reous  and  metallic  falts  from  their  folutions^^  all  which 
indicate  the  prefence  of  a  difengaged  alkali. 

The  thick  mucous  part  of  the  femen,  on  lofing  a  part 
of  it's  caloric,  becomes  tranfparent  and  of  more  con- 
Cm-'iom  ap.  fiftencc  than  when  juft  emitted  ;  but  it's  greateft  peculi- 
poftrance.  ^^^^  -^^  .j.,_^  becoming  fluid  again  in  a  few  hours  when 
cool.  It  likewife  diminiflies  in  weight  in  proportion  to 
the  lofs  of  caloric,  8cc.  Thcfe  appearances  are  not  to  be 
accounted  for  frpm  the  knowledge  we  have  of  this  flui4 
at  prefent. 

Expofed  to  an  air  of  IQ"  or  12°  of  Fahrenheit,  afte^ 
having  undergone  this  change  to  a  fluid  ftate,  it  becomes 
covered  with  a  tranfparent  pellicle,  and  after  three  or 
four  days  Vauquelin  found  a  depofit  of  fome  very  deli- 
pate  tranfparent  cryftals,  about  a  line  in  length,  fome  of 
ihem  in  a  cruciform  pqfitipn.  Examined  by  a  magnifier, 
thefe  cryftals  appeared  in  the  form  of  quadrilateral  co- 
lumns, terminated  by  very  elongated  quadrilateral  py- 
ramids, and  were  phofphorated  calcareous  earth,  w^hich 
it  had  previpufly  held  in  folution,     In  a  few  days  more 
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this  pellicle  becomes  thicker,  full  of  white  round  cor^ 
pufcles ;  the  liquor  becomes  more  fixed>  and  it's  aroma 
fomewhat  refcmbles  fweet  whey.  If  from  the  ftale  of 
the  atmofphere  the  evaporation  goes  on  very  ilowly,  other 
cryftals  form  of  different  fliapes.  Sometimes  they  are 
rhomboidai  plates,  at  other  times  fix  iidcd  or  re<Slangular 
prifms,  or  o6loedral,  and  Vauquelin  found  them  to  be 
foda  which  had  united  with  the  carbonic  acid  of  the  at- 
mofphere. At  the  temperature  of  18^^  or  20^  this  femen 
becomes  femitranfpareiit  like  horn,  and  fuaps  between 
the  fingers. 

If  the  temperature  be  greater^  as  at  20^  of  Reaumur, 
.  the  air  moid,  s.i  at  75  of  the  hygrometer  of  SaufTure,  it  is 
changed  before  it  has  time  to  evaporate  to  drynefsj  it 
becomes  yellow  like  the  yolk  of  an  egg,  four,  and  fmells 
like  putrid  fifli.  Vauquelin,  likewife,  found  it  covered 
with  the  byflus  feptica. 

-  Caloric  has  very  little  fenfiblc  a(9:ion  upon  frefh  femen ; 
it  only  accelerates  it's  liquefacStion,  and  when  in  this 
ftate  it  does  not  coagulate  it,  as  it  does  many  other  animal 
fubftances. 

If  the  caloric  applied  be  fo  great  as  to  feparate  it'« 
principles,  the  aqueous  part  is  firft  expelled,  it  then  be* 
comes  evaporated  to  drynefs,  fwells,  blackens,  emits 
yellow  empvreumatic  ammoniacal  vapours,  ancf  leaves 
a  light  eafiiy  inflammable  coal,  which,  by  lixiviation 
and  evaporation,  afford*  rhomboidai  cryflals  of  carbon  at 
of  foda,  and  the  remainder,  on  incineration,  is  reduced 
to  white  afnes  which  contain  phofphat  of  lime, 

Frefh  femen  is  not  foluble  either  in  cold  or  hot  water, 

but  when   evaporated  to  drynefs  it  is  foluble   in   both, 

and  it  is   feparated  from  them   in  |he  form  of  white 

ilakes^  either  by  alcohol,  ordephlogiflicatcd  muriatic  ^picj. 

s  4 
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Acids  diflblvL*  it,  and  the  folution  is  not  afterward  de^ 

compofed  by  alkalis. 

CotguiatM       The  dcphlogifticated  muriatic  acid  is,  however,  an  ex- 

gffticaLd  '  ception  ;  for  intlead  of  diffolving  frefh  femen,  it  coagu^ 

munaiic      ]^^^^  j|.  Jj^^-q  ^y^ite  fl^aikes,  which  are  infoluble  in  water  or 

acid. 

acids.     The  fame  takes  place  if  the  femen  be  in  a  liquid 

ftate.  It  is  obferved  by  Vauquelin,  that  a  large  quantity 
of  the  acid  gives  it  a  yellow  colour,  like  the  thin  matter 
of  a  gonorrhoea ;  this  is  owing  to  the  fixation  of  the 
oxygen,  for  the  acid  lofes  it's  odour  afterward. 

Alkalis,  when  fufEciently  ftrong,  facilitate  it's  union 
•  with  water. 

Lime  has  no  effeft  on  fre{h  femen,  but  after  it's  ex* 
pofure  to  a  moift  atmofphere  for  fome  time,  a  confider- 
able  quantity  of  ammonia  is  produced. 

Neutral  falls  are  not  decompofed   by  it  even  in  a  li- 
quid ftate  ;  but  the  cafe  is  otherwife  after  a  long  expo- 
fure  to  the  air  when  the  rhomboidal  cryftals  are  formed. 
lOsanalyfis.     According  to  Vauquelin's  analyfis,  one  hundred  parts 
of  human  femen  contain  of 

Water  . . .' 90 

Fibrin 6 

Soda I 

phofphat  of  lim€ 3 

Total  100 

Coftcluliai.  From  the  fafts  already  mentioned  in  the  inveftigation 
of  this  animal  fecretion,  it  appears,  that  there  are  many 
curious  circumftances  attending  it, 

1 .  It's  becoming  fluid  out  of  the  body. 

2.  It's  infolubility  in  water  before  it's  fluidity,  and  ii's 
/olubility  afterward. 
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Thefe  two  properties,  Vauquelin  is  of  opinion,  arlfe 
from  it*s  animal  and  mucilaginous  nature. 

3.  The  folubility  of  the  phofphat  oyin;ie  in  this  liquor. 

4.  It's  crytlallization  by  fo  moderate  an  evaporation,. 


Obfervation  fur  la  Liqueur  feminale.  Journal  de  Phy- 
lique,  p.  437.  Jan.  1784.— Experiences  fur  la  Sperme 
humaine,  parM.Vauquelln,  ibid.  p.  ^S.  fern.  2.  1791. — 
Tra6ls  on  the  nature  of  Animals  and  Vegetables,  by  Spal- 
lanzani.  Creech.  1799. 
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HUMOR  A  VESICATORIO. 

It  is  a  well  known  fa6l,  that  when  cantharides  arc 
applied  to  the  fkin  in  the  form  of  a  plafter,  an  elevation 
of  the  cuticle  takes  place,  and  the  blifter  is  filled  with  a 
fluid  refembling  water  in  it's  external  appearance.     For 
Examined    the  examination  of  this  ferum  or  ferofity,  as  it  has  been 
rL^^^^^^^'  called,  we  are  indebted   to  Margueron.     His  principal 
intention  was  to  difcover  it's  nature,  and  to  what  clafs  of 
humours  it  belonged  ;  on  which  account  he  analyfed  it 
both  in  a  flate  of  health,  and  when  taken  from  patients 
labouring  under  putrid  fevers.     He  found  that  by  froths 
ing  with  water,  by  it's  coagulation  with  alcohol,  boiling 
water,  acids  and  heat,  and  from  the  different  falts  it  con- 
Refembles  tained,  it  refembled  the  ferum  of  the  blood  ;  and  on  com^ 
^J*'^^^"™^^  paring  them  together,  he  concluded  that  the  great  differ- 
ence between  them  confiiled  in  the  odour  and  colour,  the 
difference,  ferofity  being  of  a  darker  or  amber  colour,  and  poflefling 
the  fmell  of  the  bliftering  plafter,     The  fluidity  of  the 
ferum,  however,  was  more  vifcous,  whilft  the  ferofity 
on  coming  from  the  veficles  afforded  a  pellicle.     The 
fpecific  gravity  of  the  ferum  to  the  ferofity  was  as  305  to 
^iiaiyfis.     300,  and  200  parts  of  each  gave,  on  analyfis,  the  follow- 
ing proportions. 

SERUM.  SEROSITY, 

Albumen 40 36 

Muriat  of  foda 4 4 

Carbonat  of  foda   ....       3........     2 

Phofphat  of  lime  ....       2 fi 

Water    151 156 


200 
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This  chemlft  is  of  opinion,  that  the  colour  Is  caufed  by 
the  a6lion  of  the  veiieatory  in  exciting  heat,  inflamma- 
tion, &c.  as  he  found  the  colour  the  fame  whether  it 
was  procured  from  a  healthy  or  difeafed  perfon.  From 
thefe  experiments,  therefore,  it  appears,  that  the  ferofity 
and  ferum  are  finiilar  in  their  properties  and  both  ex- 
tracted from  the  blood, 

Xhis  analogy  induced  this  chemift  to  examine  that  fe- 
rofity or  aqueous  fluid  produced  by  finapifms,  by  burns 
or  fcalds,  and  by  the  (ling  of  infe6ls,  or  by  the  ant,  as 
well  as  that  which  is  the  efle^l  of  cutaneous  difeafes ;  and 
he  found  on  fubmitting  them  to  experiment,  that  they 
bad  all  the  fame  properties  as  the  ferum  of  the  blood, 
?,nd  cofifequently  that  all  arofe  from  the  fame  origin. 


Examen  chimique  de  la  Serofite  produite  par  les  Re- 
inedes  veficaires,  par  M.  Margueron.  Annal.  de  Ch.  toni^ 
14,  p.  225. 


Refembles 


{     2(jS     ) 


HUMOR  HYDROPIS. 

.  The  fluid  which  is  fecrcted  in  the  various  fpecies  of 
dropfies  of  the  body,  is  Hkewife  (imilar  to  the  laft  men- 
tioned liquid.  It  is  in  general  fomewhat  yellow,  fcarcely 
turbid,  and  refembles  even  in  it's  external  appearance 
the  ferurn  of  the  blood.  It  has  a  peculiar  fmell,  which 
the  laft.  in  fome  cafes,  as  in  the  milk  fever,  is  apparently  acid. 
It  is  faline  to  the  tafte,  and  tinges  violets  green.  Left 
to  itfelf,  it  firft  becomes  turbid,  and  at  laft  putre- 
fies. Boiling  water  coagulates  the  greater  part  of  it ; 
poured  into  hot  water  it  forms  a  milky  fluid  which  is 
incoagulable  by  nitric  acid.  It  is  alfo  coagulated  by  all 
acids  ;  alkalis  rather  dilute  it,  and  when  mild,  precipi- 
tate in  a  few  hours  a  gelatinous  fubftance  which  is  confi- 
dered  as  a  proof  of  the  .prefence  of  pus.  The  white, 
opake,  and  feemingly  un6luous  membrane  (pfeudomem- 
brana  Ruyfchii)  which  often  accompanies  this  humour 
in  dropfles,  agrees  in  it's  properties  with  the  fibrous  part 
of  the  blood,  and  with  it's  huffy  coat.  By  heat,  or  ex- 
pofure  to  air,  it  dries  into  a  horny  fubftance,  but  in  moift 
air  it  fpeedily  putrefies.  When  triturated  with  water,  it 
forms  an  imperfedl  folution,  from  which  mild  alkalis 
jprccipitate  a  gelatinous  matter. 


1 


Jacquin's  Elements  of  Chemiftry.  p.  363.  1799.-T 
Buckholz  Chemifche  Unterfuch,  der  Feuchtigk.  von 
cineni  Waflerfucht.  Crell's  Annal.  2.  1786. 
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LIQUOR  AMNII. 


It  is  flated  by  Haller  on  the  authority  of  feveral  ref-  Haiier^s 
pev.9:able  authors,  that  the  human  liquor  amnii  is  not 
very  unhke  the  ferum  of  milk  in  it's  properties,  even  in 
it's  odour;  that  it  is  fomewhat  faline  to  the  tafte,  and  is 
coagulated  by  alum,  alcohol,  and  the  infufion  of  galls. 
Some  authors  who  look  upon  this  fluid  to  be  the  food  of 
the  foetus  in  utero,  are  likewife  inclined  to  believe  that 
it  has  all  the  properties  of  albumen  or  the  white  of  the 
cggj  which  is  the  nourifhment  of  the  chicken  before  it 
breaks  the  fhcll,  and  fo  far  it  favours  their  hypothefis  ; 
great  care  fliould  however  be  taken  in  making  experi- 
ments of  this  kind,  that  the  mind  be  unbiaflcd  by  any 
previous  prejudice,  as,in  fuch  cafes  it  often  is  apt  even  to 
deceive  itfelf, 

A  few  years  ago,  this  aqueous  fluid  was  chemically 
examined  by  a  Dutch  chcmlfl:.  Van  dcr  Bofch,  whofe  Van  der 
veracity  is  as  much  to  be  relied  upon  as  that  of  thofe 
quoted  by  Haller,  or  thofe  authors  who  have  written 
fince  upon  the  fubje6l.  This  chemift  applies  the  fruit  of 
his  experiments  to  phyfiologv,  and  attempts  to  prove  that 
the  foetus  in  utero  receives  no  nourifliment  from  this 
fluid. 

He  examined  the  liquor  amnnii  of  the  cow  and  that  of 
'  the  human  female,  and  found  that  it's  quantity  is  in  the 
inverfc  proportion  of  the  (ize  of  the  foetus,  and  that  in 
the  firft  fi:age  of  pregnancy  it's  weight  exceeds  that  of  the 
foetus  from  twenty  to  one  hundred  times.  It's  colmir 
during  the  firft  months  is  clear,  or  has  a  flight  yellow 
h'.'e,  but   towards   the  birtli,    it  is  turbid,  flocky,  and 
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fometimes  has  a  reddifli  tinge.  It's  fmell  is  fcarcety 
obfervable,  refembling  the  fleam  of  a  newly-dain  animals 
It's  fpccific  gravity  is  not  very  different  from  that  of  com- 
mon water,  but  at  birth  it  is  fomcwhat  heavier  and  gives 
a  copious  depofit.  From  experiments,  it  confifts  for  the 
moft  part  of  mere  water,  and  is  of  all  animal  fluids  the 
mod  aqueous.  It  does  not  coagulate  by  any  means.  It 
contains  an  exceedingly  fmall  quantity  of  common  fait 
and  fixed  alkali,  and  a  very  little  phofphoric  acid.  It 
produces  lefs  volatile  alkali  and  empyreumatic  oil  than 
any  other  animal  fluid.  It  contains  a  little  earth  and  red 
calx  of  iron,  and  the  conftituent  parts  and  properties  of 
that  of  the  cow  in  the  firfl  months  of  pregnancy  were 
found  perfcdly  to  agi'ee  with  that  of  the  human  female^ 
procured  at  the  time  of  delivery,  except  that  it  is  more 
aqueous* 

From  thefe  fa^ls,  the  author  conchides,  that  although 
the  liquor  amnii  has  been  commonly  compared  to  the 
white  of  the  egg  ^  yet  this  lad  coagulates  by  heat  and 
acids  very  readily,  the  liquor  amnii  not  at  all;  and  for 
the  fame  reafon  it  differs  from  ferum  of  the  blood,  and 
the  liquor  pericardii. 

It  does  not  agree  with  whey,  for  this  Uft  contains  a 
large  quantity  of  an  eifential  faccharine  fait,  the  liquor 
amnii  none  at  all.     . 

It  differs  from  animal  broth  or  foups,  for  it  does  not 
coagulate  in  the  cold,  or  undergo  the  acetous  fermenta- 
tion* 

Laftly,  it  differs  from  urine,  for  it  fcarcely  contains 
ftn  atom  of  volatile  alkali,  whilfl  urine  affords  it  in  large 
quantity  $  and  the  author  affirms  that  it's  ufe  is  to  protect 
the  fcetus  from  external  preffu re  5  that  it  affifts  in  expand- 
ing the  womb,  renders  the  parts  fupple,  and  is  of  great 
fcrvice  at  the  time  of  delivery. 


With  refpeA  to  the  coagulation  of  this  fluid,  it  appears 
from  the  experiments  of  John  Hunter,  that  it  contains  John  Hun- 
but  a  very  flight  quantity  of  matter  coagulable  by  heat.      "'^* 

The  mod  perfe6t  and  detailed  analyfis  of  the  liquor 
amnii,  has  been  made  by  Buniva  and  Vauquelin ;  they  Buniva  and 
net  only  examined  that  of  the  human  female,  but  like*  ^"*^"*  "' 
wife  that  of  the  cow.  Suppofing  there  would  be  great 
fimilarity  between  the  liquor  amnii  of  different  animals, 
they  began  with  the  human,  but  they  foon  found  that 
no  fuch  refemblance  exifted,  aud  that  no  two  things 
were  more  unlike  than  ths  human  and  that  of  the  cow. 


LiauOR  AMNII  OF  THE   HUMAN    FEMALE.  „ 

quor  amnii, 

Ifl.  It  has  a  mild  and  infipid  odour  like  all  the  white  it>s  proper- 
fluids  of  animals.  *^^*- 

2d.  A  flightly  faline  favour. 

3d.  It's  colour  is  fomewhat  milky,  owing  to  a  cafe- 
ous  matter  which  is  fufpended  in  it,  for  it  may,  by  filtra-* 
lion,  be  obtained  clear  and  iranfparent. 

4th.  It's  fpecific  gravity  is  as  1005. 

5th.  It  foams  conliderably  on  being  agitated. 

6th.  On  expofure  to  heat,  an  opacity  is  produced  re- 
fembling  that  of  milk  greatly  diluted  with  water,  and  af 
fmell  of  the  boiled  white  of  an  egg, 

7th.  It  {Wrongly  changes  the  tincture  of  violets  to  2 
green,  but  flightly  reddens  the  tin6lure  of  I'tmus. 

8th.  Potafh' produces  a  flaky  precipitation  of  anima! 
matter,  which  feems  to  have  been  dilTolved  by  a  flight 
acid. 

9th.  Acids  only  clarify  it. 

XOth.  Alcohol  produces  «  flaky  precipitation,  whicfif 
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being  colIe6led  and  dried,  is  brittle  and  tranfparent  as 
glue. 

nth.  A  very  large  brown  precipitate  is  formed  with 
the  infufion  of  galls. 

12th.  Jhe  nitrat  of  filver  produces  a  white  precipitate^ 
infoluble  in  the  nitric  acid. 

From  thefe  properties,  thefe  two   chemifls  conclude 
that  the  human  liquor  amnii  contains, 

I  ft.   An  albuminous  matter  refembling  that  of  tlie 
blood,  appearing  to  be  held  in  folution  by  a  flight  acid. 

^.  A  muriatic  fait,  with  foda  for  it*sbafis. 

3d.  A  fmall  proportion  of  alkaline  matter.  It  appears 
difficult  to  admit  the  prefcnce  of  an  acid  and  an  alkali  at 
the  fame  time  in  this  liquor,  in  a  freeftale;  and  indeed 
thefe  chcmifts  do  not  fay  there  is  really  an  acid,  but  that 
it  a6led  as  If  it  contained  one,  for  it  reddens  the  tincture 
of  litmus,  is  precipitated  by  cauftic  potafh,  and  depofits 
by  fermentation  an  earthy  animal  matter,  from  which 
ammonia  is  extricated. 
Evaporation  On  evaporation,  the  liquor  amnil,  ift.  becomes  (lightly 
milky.  2d.  There  arifes  a  tranfparent  pellicle  on  it's  fur- 
face.  3d.  A  refidue  is  left,  the  weight  of  which  at  moft 
amounts  to  0,012  of  the  whole. 

The  edulcorated  refidue,  on  evaporation,  afforded 
cryftals  of  muriat  and  carbonat  of  (oda.  The  animal 
matter,  lixiviated,  gave,  on  being  burnt,  a  fetid  and 
ammoniacdl  odour,  nearly  like  that  from  horn  ;  there 
remained  a  few  afhes  compofed  of  carbonat  of  foda,  of 
phofphat  and  carbonat  of  lime. 
It's  compo-  Thefe  experiments  prove  that  the  human  liquor  amnii 
Bent  puns,  ^j^jy  c(^^£a;ns  a  very  fmall  portion  of  faline  and  animal 
matter,  diflblved  in  a  large  quantity  of  water,  (ince  the 
different  fubftances  together  fcarcely  amounted  to  0,01 2  of 
the  liquor,  and  thefe  are  albumen,  foda,  muriat  of  foda, 
and  the  phofphat  of  lime. 


JPLtlDS.  273 

The  liquor  aranii  kept  in  a  clofed  bottle  undergoes  in  PutriTifei- 
the  courfe  of  a  few  weeks  a  putrid  decompofition ;  it  lofes 
it's  tranfparency,  and  depoiits  a  white  matter  like  cheefe. 
During  this  change^  a  little  ammonia  Is  evolved^  but  no 
gas  or  bad  fmell. 


CASEOUS    MATTER*  Cafeou: 

ftaattei. 

This  fubftance  is  white  and  fliininff,  foftto  the  touch,  ^^'^  P^'^per- 

°  ties. 

and  refembling  newly  made  foap.  It  is  infoluble  in 
water.  Alcohol,  even  with  the  affiflance  of  heat;,  has 
no  effeft  upon  it.  Oils  do  not  unite  with  it.  Cauftic 
alkalis  dilTolve  a  portion  forming  with  it  a  kind  of  foap^ 
at  leaf};  judging  from  it's  odour,  favour,  and  the  property 
of  being  precipitated  by  acids.  It  decrepitates  like  fait 
upon  red  hot  coals,  then  becomes  dry,  blackerts,  and 
fends  forth  empyreumatic  oily  vapours.  Laftly,  a  'large 
quantity  of  coal  is  left  difficult  to  incinerate. 

Heated  in  a  crucible  of  platina.  It  likewife  decrepitates, 
and  an  oil  exudes  from  it.  It  fhrivels  like  horn,  iilflames, 
and  leaves  a  gray  cinder  that  effervefces  with  acids,  the 
greater  part  of  which  is  compofed  of  carbonat  of  lime. 

From  thefe  properties  it  would  appear,  that  this  cafe- 
ous  fubftance  is  a  mixture  of  animal  mucilage  and  fat;  it's  compc* 
but  it  is  more  probably  a  peculiar  fubftance,  the  origion  of  '^*'^"' 
vi'hich  thefe  chemifts  attribute  to  a  degenerate  (late  of  the 
albuminous  matter,  taking  a  fat  character.  This  change 
is  not  more  extraordinary  than  the  converfionof  the  foetus 
into  fat  on  rem'aining  in  tl^ke  uterus  beyond  the  natural 
time. 

It  is  this  kind  of  matter  which  is  found  depofited  upon  Utility  of  it, 
the  body  of  the  fcetus,  particularly   under  the  armpits, 
behind  the  ears,  and  on  the  groins,  where  it  i^  fometimes 

VOL.  i.  T 
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in  large  quantity .  It  ferves  by  it's  foftnefs,  un6luo(Tty, 
and  it*s  impenetrability  to  water,  to  anoint  the  fkinof  the 
foetus,  and  prevent  any  bad  effe6ls  of  the  liquor  amnii  y  at 
the  fame  time  it  favours  it's  birth  during  delivery. 


Liquor  am 
nii  of  the 
cow  diffeis 
from  the 
human. 


LiaUOR  AMNII   OF  THE   COW. 


Properties 
ofit. 


Evapora< 
tion. 


This  liquid  differs  from  that  of  the  human  fubje6t,  I  ft. 
By  a  fallow  red  colour.  2d.  An  acid  favour  mixed  with 
a  bitternefs ;  an  odour  refembling  certain  vegetable  ex- 
trafts.  3d.  A  fpecific  weight  equal  to  l.@28,  and  by  a 
vifcofity  approaching  that  of  a  folution  of  gum. 

ift.  It  reddens  ftrongly  the  tineture  of  htmus. 

Sd.  It  forms  a  large  precipitation  with  the  muriat  of 
barytes. 

3d.  Alcohol  feparates  a  large  quantity  of  reddilh  mat- 
ter from  it. 

On  expofing  the  liquor  amnii  of  the  cow  to  evapora- 
tion, a  thick  foam  was  formed,  eafy  to  feparate,  in  which, 
when  cool,  fome  white  (lightly  acid  cryftals  were  obferv- 
ed.  It  became  thick,  vifcous,  and  yellow,  like  a  kind 
of  honey,  of  which  it  had  nearly  the  fhade.  Treating 
this  matter  with  boiling  alcohol,  it  afforded  an  acid, 
which,  on  the  cooling  of  the  liquor,  cryflallized  into 
(liining  needles,  feveral  centimetres  in  length.  The  ex- 
tractive fubftance  being  infoluble  in  alcohol,  remains  in 
the  form  of  a  gluifli  compact  pitch.  In  order  to  de- 
prive it  completely  of  it's  acid,  it  is  neceffary  to  boil  it 
feveral  times  in  a  large  portion  of  alcohol,  and  by  evapo- 
rating the  menflruum,  the  acid  it  diffolves  is  obtained. 
obtained,the  rj.^  prevent  anv  of  the  extraftive  matter  from  beino-  dif- 

amniotic.  ^  '  o 

folved  with  the  acid  in  the  alcohol,  the  liquor  amnii  mufl 
be  evaporated  to  a  thick  confiftence,  for  humidity  favour.^ 


An  acid 
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it's  folution.  It  was  by  treating  in  this  manner  the  refi- 
duum_,  that  thefe  chemifis  difcovered  an  acid  in  this  li- 
quor ;  but  they  found  afterward  that  alcohol  was  hot  ne- 
ceflary  to  feparate  it,  that  it  was  fufficient  to  reduce  the 
liquor  to  one  fourth,  to  obtain,  on  cooling,  the  greater 
part  of  the  acid.  It  is  indeed  much  whiter  and  purer 
when  extracted  by  alcohol,  from  being  deprived  of  all 
the  animal  matter  that  may  remain  attached  to  it's  cry- 
Hals,  formed  in  a  thick  fluid ;  but  it  can  be  purified  by 
vvafhing  it  with  a  little  cold  water,  which  readily  diflblves 
the  extra6live  matter,  and  fcarcely  at  all  the  acid.  (Fide 
acids,  amniotic  acid.) 

The  liquor  amnii  being  deprived  of  it's  acid,  if  the 
evaporation  be  continued  until  it  has  acquired  the  con- 
iiftence  of  firup,  large  tranfparent  cryftals  are  formed 
that  are  very  foluble  in  water  and  of  a  bitter  colour. 
Thefe  chemifts  found  it  to  be  the  fulphat  of  foda.  It  is 
in  pretty  large  quantity.  To  obtain  it  pure  they  burnt 
the  refiduum  of  the  exficcated  liquor,  and  by  lixiviating 
the  afhes,  obtained  a  folution  which  afforded  on  evapo- 
ration perfe6lly  pure  cryftals  of  this  fait. 


THE   EXTRACTIVE   ANIMAL    MATTER.  Th?  animal 

extractive 

The  animal  matter  which  accompanies  the  above  fairs  niattcr. 
in  the  liquor  amnii  of  the  cow,  thefe  chemifts  found  to 
be  of  a  peculiar  nature,  with  no  perfe6t  refemblance    o 
any  at  prefent  known. 

It  is  of  a  brown  red  colour,  has  a  lingular  favour  diffi-  it's  pioper* 
cult  to  defcribe  ;  it  is  very  foluble  in  water,  and  infolu- 
ble  in  alcohol,  which  even  feparates  it  from  the  water. 
This  laft  property,  with  that  of  giving  vifcofity  to  water," 
and  the  faculty  of  foaming  on  agitation,  feems  to  give  it 
a  relation  to  mucous  fubftances ;  but  it  differs  from  ani* 

^8 
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mal  mueilagcs  by  not  being  convertible  into  a  jelly,  ana 
not  combining  with  tan;  befides,  the  ammonia,  the 
pruffic  acid,  and  the  empyreumatic  oil,  prevent  it's  be- 
ing looked  upon  as  a  vegetable  mucilage.  Expofed  to 
the  fire,  it  fwells  very  much,  emits  at  fir^  an  odour  like 
burnt  mucilage,  afterward  that  of  an  empyreumatic  and 
ammoniacal  oil  5  laftly,  the  odour  of  pruffic  acid  is 
ilrongly  perceived.  After  inflammation,  it  leaves  a  very 
voluminous  coal,  eafily  incinerated  ;  the  afties  are  very 
Compofi-  light  and  of  a  beautiful  white  colour ;  are  foluble  in  acids 
without  effervefcence,  and  formed  of  phofphat  of  mag- 
nefia,  and  a  very  fmall  quantity  of  phofphat  of  lime 
This  animal  matter  is  decompoied  by  the  nitric  acid,  but 
it  does  not  form  (at  leaft  in  any  obTbrvable  quantity)  any 
vegetable  acid,  which  is  the  cafe  with  the  greater  part  of 
fubftances  belonging  to  the  organic  kingdom ;  during 
it's  a6lion,  carbonic  acid  and  azot  gafes  are  formed, 
mixed  with  nitrous  gas. 

Such  are  the  principal  fa6ls  relative  to  the  principles 
contained  in  the  liquor  amnii,  the  formation  of  which  is 
at  prefent  unknown. 

Haller's  Phyfiol.— Differtatio  Chem.-^Phyfiolog.  de 
Natura  &  Utilitate  Liquoris  Amnii  a  Hubertus  Van  den 
Bofch.  p.  54.  Utrecht,  1792.--Extrait  d'une  Memoire 
fur  Teau  de  T amnios  de  femme  et  de  vache,  par  les  Cits, 
Buniva  ct  Vauquelin.  An,  de  Ch,  No.  99.  p.  269.  1799* 
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Although  the  folids  may  be  faid  to  form  the  greateft 
part  of  the  animal  body,  their  component  parts  are  much 
.lefs  known,  and  their  analyfis  much  lefs  advanced  than 
that  of  the  fluids,  or  perhaps  of  any  other  parts  that 
have  yet  been  fubmitted  to  chemical  inveftigation.  They 
have  been  divided  by  authors  into  red  and  white  parts;  ^j^gir^jj^-. 
amongll  the  firft,  the  mufcles  or  flefh  and  the  Hver  have  fion  into  red 
as  yet  only  been  examined  ;  the  fecond  divifion  compre- 
hends the  brain,  (kin,  the  cartilages,  tendons,  ligaments, 
cellular  membranes,  the  aponeurofis,  and  periofteum. 

1.  Red  parts,  Thefe  derive  their  colour  from  the  red 
particles  of  the  blood,  which  circulate  in  their  veflels ; 
whilfl  in  animals,  in  which  the  red  particles  are  not  per- 
mitted to  circulate,  the  mufcular  parts  are  of  a  white 
colour,  as  is  the  cafe  in  the  generality  of  fifhes,  &c. 


MUSCLE    OR    FLESH. 

Neumann,  who  fubmitted  different  kinds  of  flefh  to  Mufcie  ex' 
diftillation  on  the  open   fire,  obtained   from   them  the  ^^"^an^n^ 
common  products  of  animal  fubftances,  z.  e,  more  or 
lefs  of  what  he  called  an  urinous  fpirit,  volatile  fait,  and 
an  empyreumaftic  oil ;  whilfl  the  black  coal  remaining 
behind  afforded  a  fixed  fait. 

He  was  of  opinion,  that  the  nutritious  matter  of  ani- 
mal flefh  is  a  fubftance  of  the  gelatinous  kind,  and  that 
water,  by  long  boiling,  difTolves  and  extradts  it  much 
piore  Feadily  and  completely  from  feme  forts  of  flefh 
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than  from  others.    This  author  gives  us  the  method  of 
making  portable  foup ;  as  he  informs  us,  that  if  the  coc- 
tion  be  performed  in  clofe  veflels,  and  the  hquor  properly 
evaporated  to  a  due  confidence,  a  folid  extra<Sl  may  be 
obtained,  which  is  a  very  ferviceable  preparation,  for 
when  thoroughly  dried  it  keeps  well,  and  may  be  again 
diflblved  by  warm  water  into  a  liquor  refembling  the  foup 
or  frefh  decoction. 
peoffroy.         According  to  the  experiments  of  Geoffroy  on  a  pound 
of  the  flefh  of  the  ox,  fheep,  and  calf,  it  appears,  that 
the  flefh  of  the  firft  affords  the  leafl  foluble  fubflance, 
and  that  the  proportion  of  the  extract  and  fibrous  part 
infoluble  in  water,  as  well  as  of  the  humidity  contained 
in  them_,  is  the  following  : 

Ox.  Sheep.  Calf. 

oz.    dis.  grs.  oz.  drs,  grs.  oz.  drs.    g-rs. 

Solid  exlraa:             -               7       8  1  3      16  1  1      47 

Hurcidity  or  ^hltgm     11      6  64  Jl  5      32  11  6      44 

Dry  fibres          .         .     3      2        o  2  7      24  2  7       32 


J  6  or  lib.  Do.  Do. 


The  mufclcs  of  animals  are  compofed  of  a  parenchy- 
matous and  a  cellular  part,  in  which  different  humours 
are  contained,  partly  in  a  con«rete,  and  partly  in  a  fluid 
ftate.  Thefe  humours  confifl,  1.  Of  a  red  and  white  al- 
buminous fluid.  2.  Of  a  gelatinous  mucilage.  3.  Of  a 
inild  oil  of  the  nature  of  fat.  4.  Of  a  peculiar  extra6live 
fubflance.  5.  Of  a  faline  matter,  the  nature  of  which  is 
very  little  known. 

The  analyfis  of  the  whole  fubflance  of  the  flefh,  which 
affords,  by  diflillation  on  the  water  bath,  a  vapid  v^^ater, 
an  alkaline  phlegm,  an  empyreumatic  oil,  and  carbonaj; 
of  ammonia,  and  which  leaves  a  coal  from  which  a  little 
fixed  alkali  and  muriat  of  potafh  or  foda  may  be  extract- 
ed by  incineration,  affords  no  exaA  knowledge  of  the 
pature  of  the  different  principles  |  hence  it  is  neceffary 
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to  have  recourfe  to  means,  by  which  thefe  fubftances 
may  be  extracted  without  obliging  them  to  undergo  a 
change  of  compofition,  and  which  afford  an  opportunity 
of  examining  them  feparately. 

To  obtain  and  feparate  thefe  different  fubftances,  Thouvenel. 
Thouvenel  made  ufe  of  a  prefs  by  which  the  fluid  parts 
were  fqueezed  out  of  the  mufcie  ;  he  then  employed  the 
action  of  fire  to  coagulate  the  albuminous  part^  and  ob- 
tained the  fait  by  evaporation  ;  of  w^ater,  to  diflblve  and 
feparate  the  gelatinous  mucilage,  the  fait,  and  extraft ; 
and  of  alcohol,  to  get  the  two  laft  principles  without 
the  jelly.  It  is,  however,  very  difficult  to  feparate  all 
thefe  different  matters  exa6lly,  as  they  are  all  foluble  in 
water,  and  becaufe  the  alcohol  diffolves  at  the  fame  time 
the  faponaceous  extradl  and  a  part  of  the  fait.  Four- 
croy  has  therefore  given  a  different  procefs, 

Thouvenel  found,  from  his  experiments  upon  different 
forts  of  flefli,  that, 

Ifl.  ThQfleJh  of  the  ox  contained  about  three  tinies  it's  pjefh  of  the 
weight  of  water  and  |  of  dry  extravSl,  which  on  dedu6t-  ^'^^ 
ing  the  water,  gives  a  proportion  of  one  to  four  between 
the  extractive  matter  and  parenchymatous  fpunge ;  but 
for  this  conclufion  it  is  neceffary  to  exhaufl  the  flefh  by 
repeated  decoiSlions,  for  in  the  ordinary  preparations  of 
this  kind,  fcarcely  the  half  of  this  product  is  obtained, 
iince  water  diflblves  a  lefs  quantity  of  the  mucous  mat- 
ter of  the  parenchyma  ;  fo  that  one  pound  of  flefh  boiled 
four  or  five  hours  in  twelve  ounces  of  water  affords 
commonly  fjve  or  fix  drachms  of  dry  reflduum,  /.  e.  dried 
as  much  as  pofflble  by  a  heat  that  is  gentle  and  in- 
cap;able  of  changing  it's  texture. 

2d.  The  flefh  of  the  calf  \^  more  aqueous  and  mucous  Caif, 
than   that  of  the  ox.     The  large  quantity  of  refidue 
from  it's  evaporated  deco6lion   arifes  principally  from 
it's  parenchyma  being  more  foluble  in  water.     It  is  the 
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fame  in  all  young  animals.  The  chicken  gives  more 
cxtraft  than  the  cock.  They  alfo  give  more  than  the  ox 
and  calf.  But  this  arifes  in  part  from  the  bones  of  the 
firfl  being  admitted  into  thefe  deco6tions,  as  it  is  well 
known  thefe  fubftances  givQ  up  to  water  a  larger  quantity 
of  mucous  matter  than  the  fibrous  part ;  th\is  flag's  horn 
gives  more  than  one  fourth  of  it's  weight;  bone  of  the 
ox  fomewhat  lefs, being  older^  more  compad,  and  charged 
with  ofleous  earth. 

Ttirtie.  Sd,  The  land  and  water  turtles  contain  a  little  more 

matter  foluble  in  water  than  the  flefh  of  the  ox  or  calf, 
but  this  arifes  from  the  offeous,  cartilaginous^  and  liga- 
mentous parts  forming  a  part  in  the  common  preparation 
of  boiled  turtles ;  hence,  Thouvenel  found  that  one 
pound  of  turtle  ufed  in  the  common  way,  and  exhaufted 
by  repeated  deco6lions,  afforded  more  than  ten  drachms 
of  refidue,  whilfl  the  pure  fledi  gave  fcarcely  one  ounce 
in  the  pound ;  but  the  decoftion  placed  on  the  bain,  mar, 
for  four  hoursj  as  is  commonly  done,  gives  a  flill  lefs 
product  j  fo  that  eight  ounces  of  turtle  in  20  ounces  of 
water  afforded  24  ounces  of  broth,  and  the  grounds 
being  exprefled,  half  an  ounce  of  dry  extract  was  got  by 
evaporation.  Hence  common  broths  from  turtle  only  con- 
tain two  drachms  of  mucous  refidue,  whilft  thofe  from 
veal,  chicken,  and  mutton,  contain  at  leaft  from  five  to 
(ix  drachms, 

5nail.  4th.  Snails,  feparated   from  their  fhell  by  means  of 

warm  water,  afford  on  deco6lion  with  an  equal  quantity 
of  water  on  a  bain.  mar.  about  two  drachms  of  extraft 
lefs  in  the  pound  than  the  turtle,  which  places  them 
nearly  in  the  proportion  of  the  before  mentioned  flefh,  or 
between  the  ox  and  calf,  with  refpe^l  to  the  quantity  of 
foluble  matter, 

F»ogs,  &r.       5.  Frogs,  crawfijh,  and  vipers,  deprived  of  their  enve- 
lops^ iateflipes^  and  extremities,  and  then  chopped,  af-? 
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ford,  on  being  exhaufted  by  decoc9:ion,  nearly  tbe  fame 
quantity  of  extra<S:ive  matter  as  the  other  animals  ;  z.  e, 
about  -I  of  their  weight.  But  this  proportion  is  not  the 
fame  in  the  common  preparation  of  thefe  broths^  for 
thefe  laft  only  then  afford  4  or  4|  drachms  of  relidue  per 
pound. 

6th-  The  texture  of  /i/h  being  in  general  more  tender  Fiflx. 
and  lefs  fibrous  than  that  of  land  animals,  they  ought  to 
afford  by  decocSlion  a  greater  quantity  of  foluble  matter 
than  the  fecond.  Experience,  however,  proves  the  con- 
trary, at  lead  with  refpe6l  to  frefh  water  fifli,  thofe  of 
fait  water  affording  more.  This  difference,  according 
to  Thouvenel,  arifes  principally  from  the  more  or  Ms 
glairy  ftate,  and  the  more  or  lefs  concrefcibility  of  the 
mucus  of  all  aquatic  animals,  which  caufes  their  paren- 
chyma to  be  more  difficultly  exhaufted  on  dcco6lion, 
and  the  extraft  more  difficult  to  exficcate,  being  more 
glutinous  and  gluey  ;  and  laftly,  this  dried  glue  to  be 
more  infoluble  in  water. 

Such  is  the  manner  in  which  Thouvenel  has  examined 
the  mufcular  fubftance  of  different  animals,  a  memoir 
of  which  got  the  prize  of  the  Academy  of  Bordeaux 
in  177B. 

The  procefs,  which  according  to  Fourcroy  fucceeds  Fourcroy'j 
the  beft,  is  firtt  to  wafh  the  flefh   in  cold  water,  which  ^I^S'^lbfe',"'' 
takes  away  the  colouring  part  with  apportion  of  the  fait ;  ^'^^s. 
then  to   digeft  the  refiduum  of  this   lotion  in  alcohol, 
which  diffolves  the  extractive  matter  and  a  portion  of 
the  fait ;  afterward,  the  fiefh  thus  treated  is  to  be  boiled 
in  water,  wjiich  diffolves  the  gelatinous  part  and  takes 
up,  likewife,    the  portions  of  extract  and   of  fait  that 
had  efcaped  the  a6tion  of  the  former  menftrua.     The 
firft  water  which  was  employed  cold,  is  then  to  be  gently 
evaporated,  the  albuminous  part  coagulates  and  is  fepa- 
rated  by  the  filter,  and  the  ilow  eyaporation  of  the  file. 
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tcred  liquor  affords  the  faline  matter.  By  evaporating 
the  alcohol  in  the  fame  manner,  the  colouring  extraftive 
i^iatter  is  obtained  ;  and  the  decoclion  furniOies  the  jelly 
and  the  fat  oil  which  fwims  upon  it's  furface,  and  be- 
comes concrete  on  cooling.  After  the  extra6tion  of  the 
different  fubftances,  there  remains  nothing  but  the  fibrous 
part,  which  is  white,  infipid,  and  infoluble  in  water;  on 
burning  it  contra6ls  ;  affords  much  ammonia,  and  a  very 
fetid  oil  by  diftillation  5  and  a  large  quantity  of  azot  gas 
is  expelled  from  it  by  the  nitric  acid  ;  hence,  it  has  all 
the  characters  of  the  fibrous  part  of  the  blood  or  of  fibrin. 
To  have  a  perfect  knowledge,  therefore,  of  the  nature 
of  the  flefh  of  animals,  it  only  remains  to  examine  the 
properties  of  each  of  the  fubftances  of  which  it  is  com- 
pofed. 

The  albuminous  part  is  fimilar  to  that  of  the  blood, 
and  it  is  this  matter  which,  on  coagulating  by  the  heat 
of  the  water  in  which  meat  is  boikd,  produces  the 
fcum  which  is  carefully  taken  off.  I^his  fcum  is  of  a 
dirty  brown  red  colour,  the  red  being  changed  by  the 
heat  of  ebullition.  The  gelatin  which  is  extracted  is 
the  caufe  of  the  flefh  of  young  animals,  after  having 
been  boiled  and  become  cool,  taking  the  form  of  a  tre- 
mulous mafs  or  jelly,  as  it  contains  a  larger  proportion 
of  this  principle  than  the  flefli  of  old  animals  -,  it  is  com- 
mon gelatin.  The  oil  which  forms  itfelf  into  flat  and 
circular  drops,  fwims  upon  the  furface  of  boiled  meat 
foups,  and  becomes  folid  or  concrete  on  cooling, 
is  fimilar  to  other  animal  oils.  Thefe  three  parts  are 
confequently  well  known,  and  there  only  remains  to  ex- 
amine the  extraClive  matter,  and  the  falts  which  are  alfo 
obtained  in  the  analyfis  of  the  mufcles. 

The  fubftance  called  by  Thouvenel  mucous  extraSiive 
matter^  is  foluble  in  water  and  in  alcohol,  it  has  an  evi- 
dent favour  which  jelly  has  not.    In  a  concentrated  flate 
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it  has  an  acid  and  bitter  tafle,  and  a  peculiar  aromatic 
odour  which  the  fire  develops  ;  it  is  this  matter  that  co- 
lours broths  and  gives  them  their  agreeable  favour  and 
odour.  When  they  are  too  much  evaporated,  or  a  large 
quantity  of  meat  is  boiled  in  a  fmall  quantity  of  water, 
it  is  this  that  gives  them  their  more  or  lefs  ftrong  and 
fomewhat  acrid  tafle  and  deep  colour  ;  laflly,  the  a6lion 
of  the  fire  extricates  and  heightens  the  favour  of  this 
extracSlive  matter  even  fo  as  to  give  it  the  tafte  of  fugar 
or  barley  fugar,  as  is  obferved  on  the  furface  of  roafl  meat, 
which  is  commonly  called  the  brown.  If  the  properties 
of  this  extraftive  matter  be  examined  when  evaporated 
to  a  dry  confiftence,  it's  favour  is  found  auflere,  bitter, 
and  faline ;  placed  on  a  live  coal,  it  fwells  and  liquifies, 
exhaling  a  penetrating  acid  odour,  refembling  that  of 
burnt  fugar ;  expofed  to  the  air  it  becomes  deliquefcent, 
and  a  faline  efHorefcence  takes  place  on  it's  furface ;  it 
becomes  four,  and  putrefies  on  expofure  to  a  warm  air, 
if  diluted  with  a  certain  quantity  of  water ;  and  laflly, 
it  is  foluble  in  alcohol.  All  thefe  characters  appear  to 
Fourcroy  to  prove,  that  this  fubflance  has  a  near  relation 
to  the  foapy  extrads  and  the  faccharine  matter  of  vege-. 
tables. 

Since  this  chemift  gave  his  opinion  of  the  nature  of 
this  fubflance,  Berthollet  has  difcovered  a  peculiar  acid 
in  animal  fubflances,  which  appears  to  form  the  charac- 
ters of  the  matter  in  queflion,  for  according  to  Berthol- 
let, this  acid  which  he  calls  the  zoonic  acid,  (vide  acids) 
has  an  odour  which  refembles  that  of  fledi  whilfl  roafl- 
ing,  and  i^  has  an  auftere  tafle. 

As  to  the  fait  which  cryflallizes  during  the  flow  evapo- 
ration of  the  deco6lion  of  flefh,  it's  nature  at  prcfentjs 
but  imperfectly  underflood. 

Thouvenel  obtained  it  in  the  form  of  down  or  of  de- 
formed cryflals.     He  took  it  to  be  a  neutral  fait  formed 
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of  potafli  ,  and  an  acid  refembling  the  phofphorlc  acid 
in  fmgivorous  quadrupeds,  and  muriatic  acid  in  carni- 
vorous reptiles.  Although  this  fait  may  be  looked  upon 
as  unknown  until  further  examined,  Fourcroy  thinks  it 
very  probable  thai  it  is  the  phofphat  of  foda  and  ammo- 
nia, and  that  there  is  even  a  mixture  of  phofphat  of 
lime,  as  thefe  falts  are  indicated,  and  even  with  an  excefs 
of  acid,  as  is  the  cafe  in  urine,  by  means  of  lime  water 
and  ammonia,  which  form  white  precipitates  on  being 
added  to  broths,  and  by  the  nitric  folution  of  mercury, 
■which  produces  a  rofe  coloured  precipitate. 

To  thefe  parts  may  be  added'  that  which  is  the  moft 
abundant  in  mufcular  flefli,  and  which  conftitutes  it's 
real  chara6ler,  viz.  the  fibrous  part,  the  charafters  of 
which  are  :  ift,  to  be  rnfoluble  in  water;  2d,  to  afford 
more  azot  gas  by  the  nitric  acid  than  any  other  fub- 
llance,  and  to  give  afterward  the  oxalic  and  malic  acids; 
3d,  to  putrefy  eafily  when  moiftened,  and  afford  on  dif- 
tillation  a  large  quantity  of  carbonat  of  ammonia.  It  is  the 
fame  as  that  of  the  blood.  From  this  fail,  Fourcroy  is  of 
opinion,  that  the  mufcular  organ  is  the  refervoir  in  which 
the  action  of  the  vital  powers  depofits  the  fibrous  matter 
of  the  blood,  which,  as  before  obferved,  contains  it  in 
large  quantity,  and  that  by  repofe  it  there  becomes  con- 
crete, forming  the  bafis  of  that  animal  property  called 
mufcular  irritability. 

Fourcroy  obtained,  on  diflilling  four  ounces  of  ox  and 
calPs  flcfli  on  the  bain.  mar. 

Oxflefh.  CalPsflefh, 

oz.   drs.   grs.        oz.   drs.  grs. 

Of  fluid... 2      6      36  2       6      54 

Pry  refiduum 1       1      3G  1       1      28 

4       0       0  4       0       0 
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Ox  fleHi. 

CalPs  flefli. 

oz.  drs. 

.  grs. 

oz.  grs.  drs. 

Another  portion  gave  out 

of  watery   extract,   (a.)     0      1 

56 

0       2       30 

A  fluid  tranfmitted  in  b.  m.  2      6 

36 

2       6       54 

Remaining  phlegm 0      1 

16 

0       0       52 

dry  fibres  (b.)    0      6 

36 

0       5       62 

4       0 

0 

4        0        0 
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(a.)  Chemically  examined 

gave  of  fal.  vol.il 0      1         2  ) 

Oil  and  fpirit ... .0     0  38  j 

Carbon 0      0       6 

Left O  0  10 

0  1  56 

(b.)  Gave  out  offal  volat.  O  2  O 

Spirit  volat 0  0  3  6 

Carbon 0  1  40 

Left O  2  12 

O  6  36 


12 


0 

1 

0 

0 

0 

18 

0 

2 

30 

0 

0 

64 

0 

1 

37 

0 

2 

18 

0 

0 

13 

0 

5 

12 

Some  experiments  on  the  mufcular  fibre  have  been  Ha;irh<?ti's 
made  by  Hatchett,  particularly  upon  that  of  beef.     In  me^ntson 
order  to  feparate  the  liquid  albuminous  part,  or  lymph,  ^^^^' 
as  much  as   poflible,  a  quantity  of  lean  mufcle  of  ox 
beef  was  cut  into  fmall  thin  pieces,  then  macerated  dur- 
ing fifteen  days  in  cold  water,  and  afterward  fubje6led 
to  prefTure  each  day,  when  the  water  was  changed.     The 
weather  was  very  cold,  and  the  maceraiion  continued  to 
the  end  of  the  15th  day  without  any  fign  of  putref- 
eency. 
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The  fhreds  of  mufcle  (amounting  to  about  three 
pounds)  were  then  boiled  with  about  fix  quarts  of  water, 
during  five  hours ;  and  the  water  being  changed,  the 
fame  was  repeated  every  day  during  the  courfe  of  three 
weeks;  at  the  end  of  which,  the  water  afforded  only 
flight  figns  of  gelatin,  when  infufion  of  oak  bark,  or 
nitro-muriat  of  tin  was  added.  After  this,  the  fibrous 
part  was  wqW  prelTed  and  dried  by  the  heat  of  a  water 
bath. 

Some  of  the  mufcular  fibre  thus  prepared  was  fl;eepcd 
in  nitric  acid,  diluted  with  three  meafurcs  of  water  during 
fifteen  days.  The  acid  acquired  a  yellow  tinge,  and  pof- 
fefled  all  the  properties  of  the  nitric  folutions  of  albu- 
men. 

The  fibre  which  had  been  thus  fi;eeped  in  the   acid 
was   (when  wafhed)   diflTolved  by  boiling  water,   and  by 
evaporation   became  a    gelatinous  mafs ;  which   being 
again  diflblved  in  boiling  water,  was  precipitated  by  in- 
fufion of  oak  bark,  and  more  (lowly  by  nitro-muriat  of 
tin,  like  albuminous  fubftances  when  treated  in  a  fimilar 
manner.     When  the  fibre  which  had  been  fteeped  in 
the  acid  was  immerfed  in  ammonia,  it  was  not  complete  - 
ly  diiTolved,  but  afforded  a  refiduum.     The  greater  part, 
however,  was  diffolved,  and  formed  a  deep  orange  or 
yellowifii  brown  folution,  fimilar  in  properties  to  that  of 
albumen,  (vide  white  of  egg.)  When  boiled  with  lixivium 
of  cauftic  potafh,  this  mufcular  fibre  was  completely  dif- 
folved, ammonia  was  difcharged,  and  animal  foap  form- 
ed ;  which  being  diluted  with  water,  and  faturated  with 
muriatic  acid,  yielded  a  precipitate  fimilar  to  that  obtain- 
ed from  animal  foap,  except  that  it  fooner  became  hard 
and  foapy  when  expofed  to  the  air. 

Mufcular  fibre  prepared  by  long  maceration,  and  fub- 
fequent  boiling,  with  fiequent  change  of  water,  fo  as  to 
be  nearly  deprived  of  all  it's  gelatinous  part,  is  not  eafily 
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brought  into  the  putrid  ftate.  A  fmall  quantity  was  kept 
moiftened  with  water  during  April,  in  the  courfe  of  which 
time  it  acquired  a  mufty  but  not  a  putrid  fmell,  neither 
were  the  fibres  reduced  to  a  pulpy  mafs ;  a  portion  of  it 
was  kept  two  months  under  water,  but  it  neither  be- 
came putrid  nor  was  converted  into  that  fatty  fubftance 
obtained  from  recent  mufcle.  Hence  Hatchett  is  of  opi- 
nion, that  the  readinefs  with  which  mufcle  becomes  pu- 
trid is  principally  owing  to  the  gelatin,  which  is  mixed 
with  it  in  large  proportion,  and  which,  with  the  natural 
quantity  of  mcifture,  is  requifite  to  give  the  fibre  a  proper 
degree  of  toughaefs  and  flexibility. 

The  refiduum  afforded  by  mufcular  fibre  which  had 
been  long  deeped  in   dilute  nitric  acid,  and  afterward 
immerfed  in  ammonia,  confided  principally  of  fat,  mix- 
ed with  a  fmall  portion  of  the  fibre  which  had  not  been 
fufficiently  a6led  upon  by  the  acid,  and  little  or  no  earthy 
matter  was  thus  obtained.     But  when  the  prepared  muf- 
cular fibre  was  diflblved  in  boiling  nitric  acid,  a  complete 
folution  refembling  that  of  albumen  in  it's  general  pro- 
perties was  formed,  and  fome  fat  floated  in  drops  at  the 
top  of  the  liquor.     Ammonia  was  then  added,  fo  as  to 
fuperfaturate  the  acid,  and  produced  the  fame  effe^Ss  as 
on  the  nitric  folutions  of  albumen,  excepting  that  a  co- 
pious white  precipitate  was  obtained.     This  precipitate, 
wlille  moifl-,  was  agitated  with  a  quantity  of  acetous  acid, 
which- diflblved  and  feparated  a  fmall  portion  of  phofphat 
of  lime;  but   the  remainder,  and  by  much  the  greatefl 
part  of  this  precipitate  was  fcarcely  attacked,  even  when 
the  acid  was'bolled. 

When  expoftid  to  a  red  heat,  it  became  dark  gray,  and 
then  neariy  white ;  after  which  it  was  in  the  date  of  car* 
bonatofiime. 

Another  part  %vas  diflblved  in  nitric  acid,  and  lime  was 
precipitated  by  carbgiiat  of  foda.     The  flight  exc^fs  af 
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the  latter  was  then  fatiiratcd  by  acetous  acid,  and  the 
whole  was  boiled  to  expel  the  carbonic  acid  ;  after  which 
the  liquor  from  it's  eifcfts  on  folutions  of  lime,  barytcs, 
&c.  evidently  contained  oxalic  acid  in  folution  ;  the  pre- 
cipitate was  therefore  oxalat  of  lime  mixed  with  a  very 
fmall  quantity  of  phofphat  of  lime  ;  200  grains  of  the 
dry  mufcular  fibre,  diflolved  and  boiled  with  nitric  acid, 
afibrded  17  grains  of  this  precipitate. 

Although  it  is  known  that  the  gelatinous  liquor  obtain- 
ed from  mufcle  by  boiling  water,  contains  phofphats  of  foda 
and  of  lime ;  yet  Hatchett  did  not  imagine  the  greater 
part  of  the  latter  could  be  fo  completely  feparated.  He, 
therefore,  in  fomemeafure,  repeated  the  experiment  on 

V.^uL  the  mufcle  ofvcaly  and  found  phofphats  of  foda  and  of  lime 

in  the  liquor.  But  w4icn  the  mufcle  was  afterward  dif- 
{blved  in  boiling  nitric  acid,  and  the  folution  faturated 
with  ammonia ;  he  was  furprifcd  to  find  that  although 
the  fame  change  in  colour  was  produced  as  in  all  the  for- 
mer experiments,  the  liquor  remained  tranfparent,  and 
even  after  fevcral  days,  only  a  few  fcattered  particles  ap- 
peared at  the  bottom  of  the  veflel. 

Another  experiment  was  made  on  the  recent  mufcle  of 

Mutton.  muttony  but  this  was  immediately  diffolved  in  nitric  acid, 
without  being  prcvioufly  boiled  in  water.  The  fat  being 
feparated,  the  folution  was  as  before  faturated  with  am- 
monia, and  as  ufual  became  of  a  deep  orange  colour,  or 
yellowifh  brown  ;  in  a  few  hours  alfo,  a  fmall  quantity  of 
a  white  precipitate  fubfided.  This  precipitate,  however, 
was  completely  and  readily  foluble  in  acetous  acid,  and 
in  every  refpeft  proved  to  be  phofphat  of  lime. 

This  chemift  obfcrves,  that  the  liquor  from  which  the 

above  precipitate  was  feparated,  as  well  as  thofe  afforded 

by  the  mufcle  of  veal,  h)  the  prepared  mufcle  of  beef  (as 

v-ell  as  by  the  folutions  of  tortoifefhell  and  albuftien)  in 

•     boiling  nitric  acid,  fubfequently  faturated  with  ammonia, 
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all  contained  a  confiderable  portion  of  unconibined  oxalic 
acid,  which  was  feparated  by  acetite  of  lime  and  of  lead. 
But  he  did  not  find  oxalic  acid  in  the  foliUions  formed 
by  immerfing  the  bodies_,  for  a  long  time,  in  cold  and 
dilute  nitric  acid  ;  neither  did  he  find  oxalic  acid  in  folu- 
tions  made  by  diirolvingthe  fubftances  in  boiling  muriatic 
acid.  It  is  evident,  therefore,  that  the  oxalic  acid  ob- 
ferved  in  the  above  experiments  was  a  produ6l  of  the 
operations,  and  not  an  cduft  of  the  fubftances. 

Hatchett  concludes  from  the  experiments  npon  theabove  His  conciu« 
mufcular  fubftances,  that  they  contain  lime  in  various  ^^''"'^' 
proportions,  and  in  two  different  Itates,  viz.  carbonat  and 
phofphat,  and  that  the  greater  part  of  the  latter  is  gra- 
dually feparated,  in  conjun6lion  with  the  gelatin,  by 
means  of  boiling  water.  Not  that  phofphat  of  lime  is  an 
eflential  ingredient  in  gelatinous  fubftances,  on  the  con- 
trary, ifinglafs,  which  is  a  perfeftly  gelatinous  body, 
affords  but  a  mere  vifible  trace  of  it.  The  mufcular  fibre 
of  beef  appears  to  have  been  nearly  deprived  of  it's  phof- 
phat of  lime,  by  the  long- continued  and  repeated  boiling 
in  water  to  which  it  had  been  fubje6led  ;  but  ftill  fo  large 
a  quantity  of  lime  remained,  that  when  oxalic  acid  was 
formed  by  the  a6lion  of  the  boiling  nitric  acid,  it  com- 
bined with  the  lime  and  formed  an  oxalat  amounting  to 
19'grains  from  200  grains  of  the  dry  mufcular  fibre,  dlf- 
folved  in  nitric  acid,  and  precipitated  by  ammonia.  He 
does  not  know  what  quantity  of  lime  was  feparated  with 
the  gelatin  ;  but  from  the  quantity  of  hme  remaining,  and 
Avhich  afterward  combined  with  the  oxalic  acid,  the 
mufcle  of  beef'  muft  contain  a  confiderable  portion  of 
earthy  matter  ;  and  as  by  the  experiment  on  the  mufcle 
of  veal,  fcarcely  any  precipitate  was  obtained  after  it  had 
been  boiled,  and  as  but  a  fmall  portion  of  phofphat  of 
lime  was  prefent  in  the  gelatinous  liquid,  it  appears, 
that  in  this  mufcle,  the  whole   of    the  fmall  portion  of 
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lime  it  contained  was  in  the  ftatc  of  pbofphat ;  and  thi§ 
being  nearly  feparated,  there  did  not  remain  any  part  of 
uncombined  lime  or  carbonat  of  lime,  which  by  uniting 
with  the  oxalic  acid  (fubfequently  produced)  would  form 
an  oxalat ;  and  as  lime  in  the  ftates  of  pbofphat  and  car- 
bonat is  fo  much  more  abundant  in  the  mufcle  of  beef 
than  in  that  of  veal,  it  may  be  inferred  that  the  earthy 
matter  is  more  abundant  in  the  coarfe  and  rigid  fibre  of 
adult  and  aged  animals,  than  in  the  tender  fibre  of  young 
ones ;  and  this  feems  to  be  corroborated  by  the  tendency 
to  morbid  oflification,  fo  frequently  obferved  in  aged  in- 
dividuals of  the  human  fpecies.     Five  hundred  grains  of 
the  dry  prepared  mufcular  fibre  of  beef,  when  diftilled,, 
left  108  grains  of  coal,  which,  by  incineration,  afforded 
25,00  grains  of  earthy  refidaum;  the  coal  may  therefore 
be  eflimated  at  82,40  grains.     The  greatefl  part  of  thefe 
25,60  grains  was  carbonat  of  lime  mixed  with  fome  pure 
lime  and  a  fmall  portion  of  pbofphat,  and  there  can  be 
no  doubt  but  that  the  latter  would  have  been  more  abun- 
dant, had  it  not  been  for  the  repeated  boilings  to  which  the 
mufcular  fibre  had  been  fubje6led. 

The  recent  mufcles  of  veal  and  mutton  were,  with  great 
difficulty,  reduced  to  afhes;  for  toward  the  end  of  the 
procefs,  the  afhes  and  remaining  coal  became  coated  and 
glazed  with  faline  matter,  which  appeared  to  be  foda^ 
partly  in  the  flate  of  pbofphat. 
Component  It  appears,  therefore,  from  the  experiments  already 
flJik  "  mentioned,  that  mufcle  or  flefli  confifts  of  albumen,  ge- 
latin, fibrin,  the  phofphats  of  foda  and  of  lime,  muriat  of 
foda,  the  zoonic  acid,  and  iron ;  but  a  more  exa6t 
analyfis  is  necefTary  to  afcertain  it's  component  parts  with 
precifion  and  certainty. 
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LIVER. 

The  human  liver  has  been  examined  bv  Fourcroyj  but  Lu-cr  oi  the 
it  was  in  a  Rate  of  decompofition  or  putrefaction.     Vau-  Ij^^nedby' 
quelin,  who  has  already  rendered  himfelf  fb  highly  emi-  Vauciueiin, 
nent  in  the  analyfis  of  animal   fubftances^  has  given  a 
detailed  account  of  that  of  the  liver  of  the  fkate. 

It  is  Well  known  to  anatomift§,  that  the  liver  of  this 
fifh  (raya  batis^  L.)  is  very  voluminous  when  com- 
pared to  the  other  vifccra^  fuch  as  the  heart  and  lungs, 
that  it's  ftrufture  and  texture  are  very  delicate  and  tender, 
and  that  externally  it's  appearance  is  fatty  and  oleagi- 
nous. It  is  of  a  gray  colour,  and  when  frefh  has  a  rofy 
tinge,  but  this  varies  in  different  livers.  It's  favour  is 
faline  and  oily  ;  it's  odour  refembles  that  of  mud,  and  is 
fomewhat  analogoits  to  what  arifes  from  the  filth  of  fifh- 
markets.  When  boiled  in  water,  it  produces  a  great 
quantity  of  oil,  which  renictlns  fluid  at  the  ordinary  tem- 
perature of  the  atmofphere,  A  piece  of  this  liver  pi'O'^' 
duced  by  expreflroti,  aftl!t  boiling,  a  flightly  yellbW  co- 
loured oil,  that  remained  liquid  at  lO''. — -When  trlturatea 
with  cold  water  in  a  mortar,  it  formed  a  white  emuliion 
refembling  milk,  and  in  a  few  hours  Vauquelin  obferv- 
ed,  that  a  yellowifh  cream  arofe  to  the  furface,  which 
appears  to  have  been  a  portion  of  oil  with  a  fmall  pai-t  of 
the  parenchyma.  This  emulfion  was  decompofcd  by  th^ 
weakeft  acids,  and  firiall  griimous  parts  fepafated  from  the 
clear  liquor  and  arofe  to  the  top,  as  takes  place  in  the 
dccompofition*of  foaps  by  acids.  This  crearn,  on  being 
agitated  fome  time  in  a  marble  mortar,  afforded  no  but- 
ter, but  an  oil  much  thinner  than  that  extracted  by  heat. 
The  parenchymatous  and  albuminous  parts,  which  were 
coagulated,  became  brown  in  the  air.  The  foUuion 
changed  paper  coloured  by  mallows  to  a  green,  which 
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this  cttemift  attributes  to  an  incipient  putrefaction.  Four 
ounces  of  this  liquor  bruifed,  andexpofed  to  a  gentle  heat 
till  no  more  vapours  arofe,  afforded  by  ex])rcflion  one 
drachm  feven  grains  of  oil,  the  remainder  weighed  four 
drachms  thirty-fix  grains ;  this  laft  quarrtity  of  paren- 
chyma, when  incinerated,  gave  eight  grains  of  a  femi- 
fufed  white  matter,  which  adhered  (lightly  to  the  fides  of 
the  crucible.  On  adding  muriatic  acid  to  this  matter,  a 
fulphureous  vapour  was  difengaged,  and  the  liquor  foon 
changed  to  a  flight  yellow  colour,  but  there  was  no  eflfer- 
vefcence  on  the  addition  of  lime-water  5  it  appeared  from 
the  precipitation,  that  the  afhes  contained  phofphat  of 
lime. 

Oxygenated  muriatic  acid  being  poured  upon  two 
drachms  of  this  oil,  until  it  ceafed  to  give  an  odour,  z.  e.  un- 
til Saturated  with  oxygen  and  not  decompofed,  the  oil  be- 
came white  as  fat,  and  of  the  confidence  of  wax  that  has 
been  kept  between  the  fingers  for  fome  time.  Thefe  ex- 
periments prove,  according  to  this  chemift,  that  the  liver 
of  the  ray  contains  more  than  half  it's  weight  of  oil  alrea- 
dy formed,  and  as  to  the  conclufion  to  be  drawn  from  it, 
vide  article  Bile. 


.  Elemens  d'Hiiloire  Naturelle  et  de  Chemle,  4.  edit, 
par  M.  Fourcroy.  t.  4.  p.  431.  1791. — Encyc,  Meth. 
Med.  t.  4.  p.  573.  chair  des  animaux. — Examen  Chl- 
mique  du  Foie  de  Raie,  par  M.  VauTjuelln.  An.  de  Ch. 
torn,  10.  p.  193.— Hatchett's  Expts.  Phil,  Tranf.  1800. 
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WHITE  PARTS. 

BRAIN. 

The  opinions  with  refpecl  to  the  compofition  of  this  Brain? 
organ  have  been  chiefly  confined  to  it's  fiipix>fed  oily- 
nature,  whilfl:  others  have  denied  it  to  podefs  any  fuch 
property.  Plato  compared  the  brain  to  marrow,  becaufe  Ancient 
like  that  fubllance  it  is  foft  and  enclofed  in  an  ofleous  ""i^'^*  '"*• 
envelop.  Hippocrates,  on  tTie  contrary,  would  not  allow 
it  to  contain  any  thing  that  refembled  fati  Arif^otle  was 
of  opinion,  that  it  was  of  a,  fatty  nature  in  man  and  qua- 
drupeds,  and  in  the  cetaceous  clafs  he  had  no  doubt  of 
it.  This  was  again  denied  by  more  modern  writers,  and 
again  aflertcd  by  Bartholin  and  Diemerbroeck  j  and  as  a 
proof  in  it's  favour,  they  announced  it's  fatty  touch,  and 
it's  inclination  to  liquefy  or  melt  rather  than  run.  Lewen- 
hoeck,  en  examining  the  cortical  part  of  the  brain  of  a 
bird,  thought  it  was  forn:ed  of  fmall  veflcls,  and  of  a 
fpecies  of  vitreous  humour  fimilar  to  fat.  Afterward, 
chemical  analylis  came  to  fupport  that  opinion,  and 
Lemery  in  particular,  on  fubnyiUiug  the  brain  to  diflilla- 
tion,  obtained  a  large  quantity  of  limpid  phlegm,  volatile 
alkali,  and  two  kinds  of  oil;  the  one  yellow,  and  of  the 
confidence  of  butter  ;  the  other  black,  fetid,  and  as  thick 
as  pitch.  Burrhus  alfo  examined  it,  and  on  fubmitting 
it  to  the  action  of  a  hot  prefs,  after  having  fqueezed  Out 
about  three-fourths  of  it's  weight  of  an  inodorous 
phlegm,  extracted  a  very  inflammable  oil  from  it,  which 
«n  cooling  fuddenly,  took  a  concrete  form.  Thouret  has 
fince  made  fome  experiments  on  this  organ  ;  for  although  ^ 
it  was  known   to  poflefs  oily  properties,  not  only  from 

W3  ' 


294  ,       soLiJbs. 

what  has  been  already  mentioned,  but  from  it's  having 
been  found  perfe6lly  prefen^ed  for  even  fifty  of  eighty 
years  from  putrefa6lion,  appearing  like  a  fat  or  oily  fluid 
matter^  as  we  are  informed  by  Faber  and  Herbinius  ',  and 
although  the  folubility  of  the  brain  in  aqueous  fluids  was 
known  to  anatomifts,  yet  it's  foapy  character,  or  that 
it's  oil  w^as  rendered  mifcible  with  water  by  means  of  an 
alkaline  fubftance,  was  not  even  conje6lured,  until  the 
experiments  of  this  chemi  ft  pointed  it  out.     It  is  from 

Examined  thcfe  Thourct  concludes  that  the  fubflance  of  the  brain 
rcfembles  that  of  the  Angular  fpecies  of  foap  into  which 
the  greater  part  of  the  bodies  was  found  to  be  transformed 
in  the  cemetery  of  the  Innocents  at  Paris.  It  is  like  this 
laft,  formed  of  a  more  or  lefs  concrete  and  cryftallized 
oily  matter,  very  fufible,  foluble  in  fpirit  of  wine,  and 
forming  a  fpecies  of  real  foap ;  and  the  only  difference 
between  them  is,  that  in  the  bodies  of  the  Innocents  the 
oil  is  united  with  volatile  alkali,  whilft  in  the  brain,  pot- 
afh  is  the  alkaline  fubllance  ;  and  he  concludes,  that  it  is 
from  this  oily  or  foapy  nature,  which  appears  to  refemble 
fpermaceti,  that  this  organ  is  found  to  be  fo  little  fufcep- 
tibleof  decompofitiou  in  the  earth,  provided  it  does  not 
meet  with  any  great  degree  of  humidity,  and  that  it  is 
enabled  to  exift  fo  long  after  all  the  other  foft  parts  of  the 
body  arc  entirely  decayed. 

Pburcroy.  The  experiments  of  Fourcroy  appear  to  lead  to  a  con-^ 
dufion  very  different  from  thofe  of  the  laft  memioned 
chemift,  they  were  made  upon  the  frcfli  brains  of  the 
calf,  the  {heep,  and  the  human  animal,  deprived  of  their 
fanguiferous  veffels  and  membranes,  interpofed  between 
the  circumvolutions,  Thefe  brains  on  being  left  to  them^ 
felves  for  feveral  days,  at  a  temperature  of  twelve  degrees, 
exhaled  a  very  difagreeable  odour,  and  fenfibly  changed 
blue  paper  green;  and  this  before  the  produiSlion  of 
any  ammonia,  although  the  green  colour  and  detefla^* 
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bic  odour  would  feem  to  indicate  an  alkalefcency.  It 
partakes  of  this  property  with  all  other  animal  fubftances 
that  contain  mucilage,  gelatin,  or  any  white  fibres 
fufceptible  of  paffing  into  the  fame  ftate  by  the  action  of 
heat.  Some  dried  brain,  on  being  boiled  with  alcohol, 
formed  a  fort  of  glutinous  pafte,  of  a  deep  colour,  ductile, 
and  when  prefled  by  the  fingers,  capable  of  being  length- 
ened all  ways.  It  does  not  melt  in  the  heat  of  boiling 
water,  but  only  becomes  fofter ;  when  expofcd  to  a 
higher  temperature,  it  appears  inclined  to  liquefy,  it's 
colour  becomes  deeper,  and  of  a  darkifli  yellow ;  there 
arifes  an  empyreumatic  ammortiacal  fmoke,  and  the  heat 
is  increafed  ^  there  remaining  only  a  coal. 

Fourcroy  obferves,  that  it  is  this  fubftance  that Thouret 
has  not  hefitated  to  compare  to  fpermaceti,  to  theadipo- 
cerous  matter  of  the  bodies  of  the  Innocents,  and  to  the 
concrete  oil  extra«Sled  from  biliary  calculi  by  alcohol. 
Thefe  thi^ee  fubftances  have,  however,  no  fimilafity  with 
it  in  the  eyes  of  the  experienced  chemiftj  for  it  is  well 
known  that  a  degree  of  heat  from  30'^  to  32°,  is  fufficient 
to  melt  fpermaceti  and  the  adipocerous  fubftance.  As 
to  the  concrete  biliary  matter,  it  requires  fome  degrees 
above  boiling  water  to  become  fluid,  and  it  does  not  emit 
during  it's  paiTage  to  that  ftate  any  empyreumatic  or  am- 
rnoniacal  vapour  like  that  of  the  brain.  Thefe  matters 
this  chemift  contends  have  therefore  no  refemblance,  ex- 
cept a  tendency  to  take  a  regular  form  on  becoming  fixed, 
and  he  looks  upon  this  matter  to  be  a  fubftance  fui  gene^ 
ris,  which  differs  from  all  other  animal  fubftances  in 
the  proportions  of  it's  principles.  Thouret  relates, 
that  Burrhus  had  exprefTcd  an  oil  from  dried  brain,  con- 
crcfcible  by  cold,  v/hich  he  compared  to  fpermaceti ;  but 
Fourcroy  is  of  opinion,  that  by  the  ordinary  means  em- 
ployed to  extra6l  oils  and  fats,  contained  naturally  in  ani~ 
inal  as  well  as  vegetable  fubftances,  it  is  not  to  be  got 
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from  the  brain,  and  that  it  is  only  by  changing  it'» 
principles  that  feme  chemifts  have  been  able  to  obtain  it, 
Corapofi-  From  the  analyfis  of  thif^  organ,  Fourcroy  concludes,  that 
b'lain.  befides  this  animal  pulpfui  generis,  the  braia  is  compofed 
of  the  phofphats  of  ammonia,  of  lime,  and  of  foda ;  that 
each  is  only  in  fmall  proportion,  that  it  contains  no  free 
alkali,  and  not  an  atom  of  potafii,  although  admitted 
to  exift  in  it  by  Thouret,  and  that  of  all  animal  fubftan-r 
ces  the  brain  approaches  the  n^oft  in  it's  nature  to  that  of 
the  albumen  of  the  blood, 

Memoire  fur  la  Nature  de  la  Subftance  du  Cerveau, 
Sec.  par  M.  Thouret.  Journal  de  Phyfique.  Mai,  p.  329, 
179l.-T-Examen  Chimique  du  Cerveau  de  plufieurs 
animaux,  par  A.  F.  Fourcroy,  Annales  de  Chimie.  torn, 
16.  p.  262. 
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Of  the  ikins  or  hides  of  aiximals,  there  has  only  been  skirv 
a  flight  examination  of   the  epidermis  of  the   human 
ikin.    According  to  Chaptal,  the   human  epidermis  is  Examined 
the  moft  eafily  detached   from  the  cutis  of  any,  and  it  ^^  ^^'""^'^^ 
may  be  effe^led  by  the  heat  of  water.     The  cutis   thei^ 
refembles  foftened  cartilage  in  confiilence.     On  continu- 
ing the  boiling  the  fkin  is  diflblved,  but  the' hot  water 
has  no  a6lion  on  the  epidermis. 

Dilute  nitric  acid,  according  to  Hatchett,  has  the  fame 
lefFea, 

The  epidermis  is  foluble  in  cauftic  alkalis ;  and  by 
hmcj^ although  more  flowly. 

Alcoto  digefte^-^  long  time.lipon  it  with  heat|i>ro- 
duced  no  efFe6i:. 

From  thefe  circum  (lances  Chaptal  conckides,  that 
there  is  fome  analogy  between  the  exterior  envelop  of  the 
human  body,  and  that  which  acls  as  a  cover  to  fiik  ;  ancj 
he  draws  fome  confequences  that  may  be  applied  to  the 
operations  of  tanning,  thus  : 

ift.  If  a  hide  covered  with  it's  epidermis  be  plunged 
into  an  infufion  of  tan,  this  laft  can  only  penetrate  by  the 
Hediy  fide,  the  other  being  defended  from  it  by  the  epi- 
dermis which  is  not  fufceptible  of  any  combination  with 
the  tanning  principle. 

2d.  When  the  epidermis  has  been  taken  off  by  the 
operation  of  depriving  it  of  the  hair,  the  tan  is  able  to 
penetrate  by  both  furfaces  of  the  ikin, 

3d.  The  lime  generally  employed  to  take  off  the  hair 
appears  to  a^  ox^ly  by  diffolving  the  epidermis.  He 
found  jime-water  to  have  ^  ilronsrer  adion  tharvlimq 
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,  imdiflblved,  but  that  it's  effe<Sl  ceafed  the  moment  the 
fmall  quantity  of  lime  held  in  folution  became  com- 
billed  5  hence,  the  neceffity  of  renewing  the  lime-water 
to  finifh  the  operation. 
Seguin  on  ^^^'  the  difcovery  of  the  true  principl.es  upon  which 
taamn§,  ^j^g  ^^^  ^^  tanning  hides  is  founded,  we  are  indebted  to 
Seguin.  Before  the  invcftigation  of  this  chemift,  it  was 
'  generally  fuppofed  that  the  tan  in  the  tan  pits  had  no 
other  eiFe6l  on  the  hides,  th  m  to  harden  and  brace  the 
fibres  of  the  fkin  which  had  been  relaxed  by  the  prelimi- 
nary operations^  but  the  experiments  of  Seguin  prove, 
that  there  exifts  in  the  tan  a  principle  that  is  foluble  in 
water,  by  which  the  tanning  is  effected  ;  that  this  prin- 
ciple becomes  afterward  fixed  in  the  hide  in  confequence 
of  a  particular  combination  between  this  principle  and 
the  ikin,  and  that  this  combination  produces  a  fubftance 
info] able  in  water. 

It  is  well  known  that  if  untanned  leather  be  boiled  in 
water  it  is  foon  diffolved  by  it,  and  this  folution  by  be- 
ing concentrated  produces  a  jelly  or  fize,  which,  by  fur- 
ther evaporation  and  exficcation  in  the  air,  becomes  what 
is  called  o-jue. 

o 

Explanation      ^^  examining  the  effe^l:  of  a  folution  of  tan  upon  a 

of  the         folution  of  p;lue,  they  are  fcarcelv  mixed  before  a  white 
proct'fs,  •  . 

filamentous   precipitate    takes   place,    arifing  from   the 

union  of  the  gelatin  with  the  tanning  principle.  This 
precipitate  is  infoKible  both  in  hot  and  cold  water,  and 
acquires  colour  on  expofure  to  light.  This  is  the  real 
explanation  of  the  procefs  of  tanning.  The  folution  of 
tan  therefore  a6ls  upon  the  hides  (from  which  glue  is 
produced)  in  the  fame  manner  as  it  afts  upon  glue,  and 
is  what  happens  both  in  common  tan  pits  and  in  the  new 
method  of  tanning  by  Seguin,  in.  both  of  which  the  fo- 
lution of  tan  gradually  penetrates  the  hide  and  combines 
with  it^  producing  a  gradual  change  of  colour  till  the 
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hide  is  changed  throughout,  becoming  of  a  maiWed 
appearance  refembling  a  nutmeg,  and  of  a  compaft  tex- 
ture. From  this  it  ap;.e£.rs,  that  a  precipitation  alfo  takes 
place  in  the  a(Slion  of  tanning,  although  the  hide  is  not  dif- 
folved,  but  merely  f\^  piled,  fo  as  to  enable  the  folution  of 
tan  to  penetr-^te  it  more  eafily. 

Thi  property  which  animal  glnc  or  gelatin  has  of  bt- 
in^  precipitated  by  a  folution  of  the  tanning  principle, 
affords  a  methpd  of  difcovering  what  fubftanccs  may  be 
iifeful  in  tanning.  -Nothing  more  is  neceffary  than  to 
make  a  folution  or  infufion  of  the  vegetable  fubllance, 
and  this  when  mixed  with  a  folution  of  glue  will  (how 
whether  it  can  be  employed  with  advantage  in  tanning, 
by  the  greater  or  lefs  quantity  of  precipitate  produced. 

Lime-water,  likcwife,  according  to  the  fame  chemift, 
offers  an  excellent  means  cf  difcovering  fijch  fubftances. 
Jf,  for  inflance,  lime- water  be  added  to  a  folution  of  tan» 
the  mixture  inflantly  produces  a  copious  precipitate;  an(i 
if  a  fuiBcient  quantity  of  lime-water  be  added  to  neutra- 
lize the  whole  quantity  of  the  tanning  principle,  the  fu* 
pernatant  liquor,  flill  coloured,  will  not  form  any  preci- 
pitate with  a  folution  of  glue.  In  like  manner,  the  liquor 
feparated  from  a  precipitation  bv  the  mixture  of  a  folution 
of  tan  with  one  of  glue,  will  not  produce  any  precipitate 
with  lime-water,  if  during  the  precipitation  the  tanning 
principle  has  been  completely  neutralized.  This  {hows 
that  Macb ride's  method  of  extracting  tan  by  means 
of  lime-water  is  defective;  and  that  a  lofs  of  the  tanning 
principle,  takes  place,  in  proportion  to  the  quantity  of  it 
combined  witji  the  lime  diffolved  in  the  lime- water. 

From  the  preceding  account  of  the  aftion  of  glue  or  of 
lime  water  upon  a  folution  of  tan,  it  follows,  that  every^ 
vegetable  infufion,  which  affords  a  precipitate  upon  the 
addition  of  either  of  thefe  reagents,  mud  contain  in  a^ 
greater  or  lefs  proportion  the  tanning  principle.  A  dc- 
v:o£lion  of  Peruvian  bark_,  for  inftance^  when  mi:itd  with 
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limcwater,  gives  a  precipitate  which  arifes  from  the  union 
of  the  lime  and  the  tanning  principle  of  the  bark. 
Tan-ing  Thc  tanning  principle  appears  to  be  a  fubftance  of  a 

peculiar  nature,  which  exifts  in  aftringent  vegetables,  and 
is  not,  as  has  be0n  fuppofed,  that  acid  called  the  gallic 
acid  difcovered  by  Scheele  in  galls,  and  found  likewife  in 
aftringent  vegetables,  and  faid  to  have  fome  efTti^i  in  tan- 
ning. To  the  difcovcry  of  this  tanning  matter  which 
Seguin  found  to  be  foluble  in  water,  and  which  by 
uniting  with  the  gelatin  of  the  fkin  renders  it  aninfoluble 
cortipound  ;  it  may  be  added,  that  when  the  water  has 
extracted  all  the  tanning  matter  from  the  tan,  even  to  fa» 
turation,  and  has  given  it  up  to  the  gelatin  of  the  hide  ; 
the  fame  water  may  be  ufcd  to  extra6t  more  of  the  fame 
matter  from  frefh  tan;  this  facilitates  the  carriage  of 
the  tanning  matter  by  reducing  it  to  a  fmall  volume,  or 
it  may  be  converted  into  an  extra6V.  According  to  Prouft, 
the  aqueous  folution  of  tan  poured  on  a  folution  of  glue, 
produces  a  aiagma  poflefling  the  elafiic  properties  of  the 
gluten  of  ilour;  that  when  left  to  itfclf  it  contracts,  and 
on  perfe61'  exficcation  is  brown  and  refembjcs  glafs  in  it's 
fraiSure;  that  it  is  incapable  of  putrefaction  ;  perfe<ftly 
foluble  in  water  ;  yields  very  little  to  alcohol,  and  by 
the  means  of  *hot  water  is  capable  of  recovering  it's  elaf- 
tic  properties.  He  likewife  found,  that  the  tanning  liquor 
caufes  a  precipitation  in  albuminous  fluids,  but  the  re- 
fult  is  not  a  magma  capable  of  the  fame  tranfaction* 
Berthollet  fufpecls  that  tanning  cannot  take  place  with^ 
o'ut  the  aftion  of  air,  L  e.  in  clofed  veflcls. 

Slaving  given  fome  account  of  the  principles  npoa 
wh>cn  the  art  of  tanning  is  founded,  it  will  not  be  devi- 
ating from  the  fubje^t  to  add  a  fhort  defcriptiou  of  the 
new  chemical  proc5;lTes,  which  have  been  formed  to  acce* 
lerate  the  preparation  of  the  fKins,  and  the  combinaliou 
of  the  taaning:  matter  or  principle. 
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Previous  to  the  experiments  of  Scgiiln,  the  procefs  of 
tanning  was  an  operation  of  much  time  and  trouble,  even 
years  were  neceflary  to  bring  the  hide  to  a  ftate  of  lea- 
ther.    The  revolution  this  chemift  has  brought  about  in  ^^^rne~ 

*       '^  thod  o{  tan- 

this   art  enables  the  tanner  to  complete  his  formerly  at 
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duous  procefs   in   the   (liort  fpace  of  a  few  days,  whilft  sTj^uia.  *l 
the  leather  is  fuperior  in  quality  to  that  made  after  the  old 
method. 

The  operations  of  this  chcmift  confift,  as  in  the  for- 
mer procefs  of  tanning,  viz.  in  wafhing  the  hides,  de- 
priving them  of  the  ficHi  and  hair,  raifing  or  fweliing 
them,  and  tanning  properly  fo  called  ;  but  the  modi- 
fications and  alterations  he  has  made  in  thefe  procefles 
are  very  different.  To  this  may  be  added  that  he  operated 
upon  110  hides  of  oxen,  cows,  calves,  horfes,  flieep, 
^nd  goats,  in  the  prefenceof  Lelicvre  and  Pellctier. 

ift.  IVaJJ/ing  and  cleanjing  the  bides.  In  this  operation 
no  alteration  is  made  by  Seguin ;  he  does  not  however 
throw  them  promifcuoufly  into  water  as  fome  tanners  do, 
but  ftretches  or  extends  them  fo  as  to  permit  the  water 
to  come  into  contact  with  every  part.  This  precaution 
had  already  been  reconmiended  by  others. 
'  2d.  Taking  off  the  hair'.  With  rcfpec-l  to  {jiaving  it 
off,  which  has  always  been  locked  upon  as  the  molt  ex- 
peditious way,  from  fonie  trials  it  was  found  by  Seguin 
to  be  attended  with  di  fad  vantages.  Hides,  it  is  well 
known,  are  covered  with  an  epidermis,  which  is  deilroyed 
by  the  method  of  depriving  them  of  their  hair  by  lime; 
but  as  it  ftill  remains  after  the  procefs  of  fliaving,  it  is 
a  great  obft^cle  to  the  aftion  of  the  tanning  matter,  bv 
preventing  it's  (blution  from  penetrating  tb.e  hide  on  it's 
grain  fide  ;  hence,  a  longer  time  is  required  for  the  pro- 
cefs of  tanning. 

With  refpeft  to  the  employment  of  alkalis  in  taking 
it  off,  they  are  too  expeniive  for  common  practice. 


302  SOLIDS. 

With  refpe^l  to  the  ineth6d  by  means  of  Iimc,  we  arc 
informed  that  feme  lime  was  firft  flacked  ;  it  was  then 
put  into  a  pit  and  mixed  with  a  Jarge  proportion  of 
water,  and  the  whole  was  well  flirred  that  the  water 
might  be  well  faturatcd  with  the  lime  j^  the  hides  were 
then  fufpended  perpendicularly  in  the  lime-water  by 
firings  attached  to  poles  laid  acrofs  the  pit,  and  as  it 
loll  it's  ftrength,  the  lime  at  the  bottom  was  often  ftirred 
in  order  to  keep  the  water  flill  fatu rated.  The  hair  came 
off  with  great  eafe  in  this  operation,  after  remaining 
about  eight  days  in  the  pit. 

By  another  method  this  chemift  is  in  hopes  of  taking 
dff  the  hair  in  two  days.  This  coniifts  in  plunging  the 
bides  after  being  vvalhed  and  cleaafed  in  old  tan  water 
^which  having  been  already  ufed  contains  no  tanning  mat- 
ter) mixed  with  a  ^^  ^  P^^^^  ^^  fometimes  with  only  -j.s\-$ 
part  of  fulphuric  acid.  He  found  that  pieces  of  hides 
thus  treated  were  deprived  of  their  hair  with  great  eafe, 
and  very  completely  raifed  or  fwelled.  This  chemifl;  has 
fb  much  confidence  in  this  procefs,  that  he  informed 
Lelievre  and  Pelletier,  in.  whofe  prefence  it  was  per- 
formed, he  would  adopt  it  in  a  tan  yard  in  preference  to 
any  other. 

He  is  likewife  of  opinion  that  another  method  of 
taking  off  the  hair  might  be  advantageoufly  pra^lifed  in 
a  tan  yard,  viz.  by  heat,  produced  by  a  ftove  kept  con- 
ftantly  at  30°  of  Reaumur  in  which  the  hides  are  to  be 
fufpended  ;  and  it  is  obferved  by  the  above  mentioned 
gentlemen,  that  if  a  little  fulphur  was  burnt  in  the  .ftove, 
fo  that  the  fulphureous  acid  gas  arifing  might  be  equally 
diffufed,  it  would  greatly  facilitate  the  procefs. 

3d.  Swelling  or  rai/ing  the  hides.  For  this  purpofe  large 
wooden  tubs  well  joined  together  are  filled  with  water, 
and  a  ^.^^  part  of  fulphuric  acid  added  ;  into  this  mixture 
the  hides' are  put^  after  having  been  previouHy  well  waihed 
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and  deprived  of  their  hair.  This  quantity  was  decreafed 
to  tJ^7.  The  hides  began  to  fwell  after  having  remain- 
ed a  fhort  time  in  this  liquor,  and  in  48  hours  thefwel- 
ling  is  completed.  They  now  acquire  a  yellow  colouf 
even  in  the  interior  part  of  their  fubftance.  In  this  (late, 
according  to  Seguin,  the  procefs  of  fwelling  is  finKhed: 
to  determine  this,  one  of  the  corners  of  the  hide  is  to 
be  cut,  and  if  it  be  in  a  proper  ftate,  no  white  ftreak  will- 
appear  in  the  middle;  biit  through  it's  whole  fubftance 
the  hide  will  have  acquired  a  yellow  colour,  and  a  femi* 
tranfparent  appearance.  This  method,  it  may  be  ob- 
ferved,  is  the  fame  as  that  of  Macbride,  except  that  the" 
proportion  of  fulphuric  acid  is  much  diminifhed. 

According,  however,  to  Seguin,  this  operation  of  the 
fwelling  of  the  hides  may  be  difpenfed  with,  fince  h^ 
has  tanned  therh  equally  well  without  it ;  he  even  found 
the  leather  much  lefs  porous,  and  confequently  lefs  per- 
meable to  water.  ^    / 

4th.  Procefs  of  tanning  according  to  Segm?t,  Tanning, 
properly  fo  called,  is  performed  by  this  chemlft,  aftfer  a 
particular  method.  He  does  not  lay  the  hides  iri  i  pit 
as  is  ufually  pradlifcdj  but  tans  them  by  means  of  afo^ 
lution  of  tan  which  he  prepares  in  the  following  man- 
ner :  He  places  feveral  rows  of  cafks  upon  ftarvcls  ele- 
vated fo  much  above  the  ground,  that  a  veflel  may  be 
placed  under  each  to  receive  the  liquor  Which  runs  from 
them.  Thefe  cafks  are  filled  with  frefh  tan  ;  a  certaift 
quantity  of  water  is  then  poured  into  the  firft  of  thcm^ 
which,  as  it  runs  through  the  tan,  extra^ls  the  foliible 
part,,  and  as-faft  as  it  runs  into  th«  veflel  below  is  taken 
out  and  poured  into  the  fecond  cafk,  and  fo  on  fuccef- 
.fively  until  the  folutioji  is  fufficiently  faturated  j  It  may 
be  brought  to  lO""  or  l^°  of  the  areometer  for  Ailts.  In 
order  to  exhauft  the  tan  of  the  firft  cafks,  frefli  water  is 
poured  upon  it  till  it  runs  ofF  perfcdly  clcar^  as  the  ten 
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Is  then  completely  deprived  of  it's  foluble  part.  The  li- 
quors, as  may  be  eafily  conceived,  are  carefully  kept  for 
future  operations.  It  is  propofed  by  this  chemift,  to 
make  ufe  in  a  tan  yard  of  large  wooden  vats,  for  the  pre- 
paration of  the  folution  of  tan. 

It  is  particularly  in  the  ufe  of  this  folution  that  the 

method  of  Seguin  confifts.     The  quicknefs  with  which 

it  a<Sls  is  aftonifliing,  and  our  furprife  is  excited  that  no 

perfon  before  him  has  attempted  to  put  this  method  in 

,    practice  in  the  large  way. 

As  foon  as  the  hides  are  taken  out  of  the  water  im- 
pregnated with  fulphuric  acid,  they  are  to  be  put  into  a 
weak  folution  of  tan,  where  they  are  to  be  left  one  or 
two  hours  ;  thev  are  then  to  be  plunged  into  other  foki- 
tions,  more  or  lefs  charged  with  this  principle  according 
to  their  ftrength,  fo  that  ftrong  hides  are  tanned  in  fix  or 
eight  days,  others  in  fifteen,  and  others  in  twenty  or 
twenty-five  days.  In  placing  the  hides  in  thefe  folutions 
fome  precautions  are  neceffary. 

Seguin  propofes  to  have  large  vats  which  are  to  be  filled 
with  a  folution  of  tan,  the  hides  are  then  to  be  placed  in 
them  fo  as  to  be  perpendicularly  fufpended  about  one 
inch  difl,ant  from  each  other,  as  their  touching  would 
impede  the  a<9:ion  of  the  folution. 

The  hides,  when  taken  out  of  the  folution,  mufl:  be 
dried  with  the  ufual  precaution,  /.  e,  fo  {lowly  as  not  to 
caufe  the  hide  to  flirink  on  the  flefh  fide.  With  refpe^t 
to  thinner  hides,  for  the  upper  leather  of  (hoes,  he  be- 
gins by  wafliing  and  taking  off  the  flefh  in  the  manner 
defcribed  for  ftrong  fole  leather ;  he  then  takes  off  the 
hair  with  clear  lime-v/ater  ;  they  do  not  undergo  the 
operation  of  fwelling,  but  are  immediately  put  into  weak 
folutions  of  tan,  the  fl:rength  of  which  he  gradually  in- 
creases, but  without  ever  being  brought  to  that  degree 
of  concentration  ufcd  for  tannins:  thick  leather.     Two, 
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three,  or  four  days,  are  fufBcient  for  tanning  this  thinner 
leather. 

Leather  which  has  not  been  fiifficiently  impregnated 
with  the  tanning  matter,  is  generally  known  by  a  white 
ftreak  in  the  middle  of  it's  fub fiance.  This,  however, 
was  not  perceptible  in  the  hides  tanned  by  Seguin  in  the 
prefence  of  the  above  gentlemen.  This  method  has 
likeivife  the  advantage  of  affording  an  opportunity  of 
examining  from  time  to  time  the  progrefs  of  the  opera- 
tion. For  this  purpofe,  nothing  is  neceffary  but  to  take 
^flip  of  the  hide  out  of  the  vat,  to  cut  off  a  corner  of  it, 
and  the  white  flreak,  already  mentioned,  will  appear  more 
or  lefs  thick,  until  the  tanning  is  completed. 

The  advantages  of  Seguin's  method  are,  ift.  It  is  much  Advantsges 
Jhorter,  The  common  method  with  lime  requires,  for  ^lethod?^ 
llrong  fole  leather,  a  year  for  the  preliminary  operations, 
and  fometimes  fifteen  months  more  for  the  tanning  ope- 
ration in  the  pit.  Sometimes  it  remains  two  years  in 
the  tan  pits,  it  being  pretended  that  the  fuperiority  of 
the  leather  is  to  be  attributed  to  the  great  length  of  time 
the  hides  are  left  in  them,  fo  that  they  even  fometimes 
remain  two  years  and  a  half  to  carry  the  procefs  to  the 
greatefl  perfe6lion.  The  duration  of  Seguin's  method  is 
only  about  twenty  days ;  in  winter  it  is  longer.  2d.  //  is 
lefs  laborious.  No  manual  labour  is  required,  except  in 
taking  off  the  flefh  and  hair,  for  as  foon  as  the  hides  are- 
put  into  the  folution  of  tan,  they  remain  till  the  procefs 
is  completed  5  whilftin  the  old  way,  there  is  a  great  deal 
of  labour  in  taking  them  out  of  the  pits,  from  time  to 
time,  to  turn  them.  3d.  It  is  kfi  oc^enfrue.  There  is  one 
thing  here  to  be  obferved;  it  is  better  only  to  prepare 
as  much  tanning  folution  as  is  neceffary  for  prefent  ufe, 
as  the  above  gentlemen  thought  they  obferved  a  difppfi- 
tion  in  the  folutions  of  tan  to   pafs  into  the  vinous  fes-- 
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mentation,  v/hich  if  the  acetous  (houlcf  follow  before 
the  folution  is  exhaiifted,  it  would  be  an  abfolute  lofs  of 
the  tanning  principle.  Hence  it  is  neceflary  to  be  watch- 
ful, efpecially  in  fummer.  4th.  Jt produces  leather  at  leajl 
of  equal  goodncfs ,  To  which  may  be  added  the  important 
advantage  of  the  extract  of  tan,  which  can  be  prepared  in 
any  foreft  on  the  fpot,  which  from  it's  fmall  volume  and 
weight,  when  compared  to  oak  bark,  may  be  carried  away 
with  the  greateft  facility.  It  might  be  made  in  America, 
and  tranfported  to  Europe,  and  alfo  from  other  vegeta- 
bles belides  the  oak.  When  ufed,  it  is  only  neceflfary  to 
rediflblve  it  in  a  proper  quantity  of  water. 

Since  the  bark  of  trees  contains  two  principles,  viz, 
the  tanning,  and  the  aftringent,  or  in  other  words,  tan- 
ning matter  and  the  gallic  acid,  both  of  which  are  applied 
to  the  hide  in  the  procefs  of  converting  it  into  leather  \  it 
remained  to   inveftigate,  whether  or  Jiot  the  gallic  acid 
Biggin's      was  hurtful  or  ufeful ;  and  for  this  purpofe.  Biggin  made 
to  afceTuin^  fomc  experiments  upon  different  barks,  to  afcertain  the 
the  quantity  quantity  of  tan  and  ffallic  acid  each  bark  contained,  ac- 

•i  t.ta.  .  .  , 

cording  to  the  procefs  of  Seguin. 

His  teft  to  dlfcover  the  tan,  was  a  folution  of  one 
ounce  of  common  glue  in  two  pounds  of  boiling  water, 
which  confequently  contained  the  matter  of  fkin,  as  he 
calls  it,  in  folution  ;  and  for  a  tefl.  of  the  gallic  acid,  Jie 
iifed  a  faturated  folution  of  fulphat  of  iron. 

For  a  preparation  of  bark,  he  divided  one  pound  of 
each  bark,  in  a  pulverized  ftate,  into  five  parts,  which  he 
put  into  five  different  earthen  veffels.  To  one  part  of  this, 
he  added  two  pounds  of  water,  and  infufed  them  during 
one  hour.  This  was  then  poured  upon  a  fecond  part, 
and  this  again  on  the  third,  and  fo  on  to  the  fifth.  But 
as  a  certain  portion  of  the  infufion  might  remain  attach- 
ed to  the  wood  of  the  bark,  after  decantation,  he  added  a 
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third  pound  of  water  to  the  firft  part,  and  then  followed 
up  the  infufion  on  the  feveral  parts,  till  the  three  pounds 
of  water,  or  as  much  of  them  as  could  be  feparated  from 
the  bark,  were  united  in  the  fiTth  veflcl,  from  which  he 
generally  obtained  about  one  pint  of  ftrong  infufion  of 
bark. 

To  a  certain  quantity  of  this  infufion,  he  added  a  given 
meafure  of  the  folution  of  glue,  which  formed  an  imme- 
diate precipitation,  to  be  feparated  by  filtering  paper. 
This,  when  dried,  is  the  powder  of  leather,  formed  by  an 
union  of  the  matter^f  ikin  with  the  tanning  principle, 
and,  by  faturating  the  infufion,  the  whole  of  the  tan  may 
be  feparated  by  precipitation. 

To  procure  the  gallic  acid,  he  added  to  the  pound  of  Thegaiiio 
bark  left  in  the  earthen  vefTel,  already  deprived  of  the  taa 
by  thefc  quick  infufions,  a  given  quantity  of  water;  but 
to  get  a  ftrong  infufion  of  this  acid,  a  longer  time  (for 
inftance  48  hours)  is  required.  This  infufion,  when  ob- 
tained pure  (it  being  fcarcely  pofifible  to  feparate  them 
by  this  means,  fince  a  little  of  the  acid  always  remains 
in  the  infufion  of  tan,  and  vice  verfa,  unlefs  the  infufion 
of  the  gallic  acid  is  very  weak,  and  procured  by  a  third  or 
fourth  operation)  gives  very  little  figns  of  the  prefence  of 
tan,  when  tried  by  the  folution  of  glue  ;  but  with  the  fo- 
lution of  fulphat  of  iron,  a  ftrong  black  colour  is  produc- 
ed which  differs  in  dcnfity  according  to  the  quality  of  the 
bark  5  and  this  may  be  further  proved  by  boiling  a  Ikain 
of  worfted  m  the  dye,  by  which  the  gradations  of  colour 
may  be  perceptibly  demonftrated. 

Having  thus  obtained  a  point  of  comparifon,  and 
ftri6lly  attending  to  the  fpecific  gravity  of  the  infufion^ 
the  quantity  of  precipitate  of  leather,  and  the  denfity  of 
colour  produced  by  given  quantities  of  one  or  the  other 
ted,  the  refuU  will  be  found  a  comparative  ftatemcnt  of 
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the  rcfpe^llve  powers  of  any  bark  or  vegetable  fubftance, 
which  is  fufficiently  accurate  for  all  commercial  purpofes  ; 
and  the  quantity  of  tan  contained  in  them, when  compared 
with  that  in  the  oak  bark,  the  ufual  fubftance  employed 
for  the  purpofe  of  tanning,  will  determine  the  commercial 
utility  of  the  bark. 

For  an  accurate  chemical  aualyfis,  he  found  the  mu- 
riat  of  tin  very  convenient ;  for  a  folution  of  it  being  ad- 
ded to  the  infufion  of  bark,  forms  a  precipitate  with  the 
tan,  leaving  the  gallic  acid  fufpended.  This  precipitate 
is  of  a  fawn  colour,  and  is  compofed  of  tan  and  oxydatcd 
tin.  By  thefe  means.  Biggin  has  been  enabled  to  form 
a  comparative  fcale  of  barks,  which,  however,  he  allows 
to  be  imperfect.  In  the  following  fcale  he  has  taken  fu- 
mach  as  the  moft  powerful  3  leaving,  at  the  fame  time,  a 
i^ew  degrees  for  a  fuppofed  maximum  of  tanning  principle^ 
which  he  reckons  at  20. 

Tan.  princ.  (in 
grains)  from  half 
Bark  of  Gallic  acid  Tanning  princ.  by  apintof  infufion, 

tlie  by  colour,     the  hydrometer,     and  1  oz.   of  fo- 

lution of  glue. 

Elm 7  2.1  28 

Oak,  cut  in  winter  8  2.1  30 

Horfe  chefnut  . .  . .  Q  2.2  30 

Beach 7  2.4  31 

Willow  ^boughs)  8  2.4  31 

Elder     4  3.0  41 

Plum  tree     8  ......  4.0  58 

Willow  trunk  ....  9  4.0 52 

Sycamore      6  4.1  53 

Birch    ,.  4  4.1  54 

Cherry  tree 8  4.2  59 

Sallow 8  ...,,.  4.6  ,,....  53 
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Mountain  afli   . .  . .       8    4.7    ......     CO 

Poplar 9    6.0    76 

Hazel   9    6.3    79 

Afli 10    6.6    82 

Spanifh  chefnut   . .     10    9-0    98 

Smooth  oak 10    9.2    104 

Oak,  cut  in  fpring       10 9.6    108 

Huntingdon,  or  Lei- 

cefter  willow  .. .      10    10.1    109 

Sumach    14    10.2    158 

Biggin  found  that  thefe  barks  prefcrved  no  refpeftive 
proportion  in  the  quantity  of  gallic  acid  and  tanning 
principle  contained  in  each,  which  he  looks  upon  as  an 
evidence  of  the  diftinftnefs  of  them,  and  may  perhaps 
open  a  new  fiekl  of  faving  oak  bark  in  dying,  fince  the 
willow,  fallow,  afh,  and  others,  produce  a  very  fine 
black.  The  quantities,  likewife,  of  thefe  two  principles, 
do  not  differ  in  equal  proportions  between  the  winter  and 
fpring  felled  oaks,  which  may  lead  to  a  difcrimination  of 
the  proper  time  for  cutting,  which  is  probably  when  the 
fap  has  completely  filled  and  dilated  that  part  of  the  ve- 
getable intended  for  ufe.  This  will  make  a  difference  in 
the  feafon  of  cutting  oak,  elm,  and  other  trees,  fh rubs, 
&c.  The  leaves  fhould  be  taken  when  at  their  full  fize, 
and  then  dried  under  cover;  for  as  the  tan  is  fo  foluble, 
and  the  fubflance  that  contains  it,  fo  thin,  (the  leaf)  the 
dew  is  fufficient  to  diflolve  it. 

Finally,  fince  the  gallic  acid  does  notfeem  to  combine 
with  the  matter  of  fkin,  and  as  it's  afiringency  will  cor- 
rugate the  furface.  Biggin  thinks  it  may  be  concluded, 
that  it's  prefence  in  the  art  of  tanning  is  not  only  ufelefs 
but  detrimental. 

SurTEpiderme  par  le  Cit.  Chaptal.  Annal.  de  Ch. 
X  3 
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No. 7 7.  p.  221.  Proud  fur  le  PrincipeTanRant.  ibid.  Mars^ 
1793,  vol.  25,  p.  228.— Account  of  the  new  Method  of 
Tanning  propofcd  by  Monf.  Seguin,  by  MefTrs.  Lelievre 
&  Pclletier,  Repertory  of  Arts,  p.  272. — Vide  alfo,  Me- 
^  moire,  Trouver  le  Moyende  rendre  le  Cuh*  impermeable 

a  I'Eau  fans  altcrer  ni  fa  force,  ni  fa  fouplcfle,  &  fans 
en  augmenter  fenfiblement  le  prix.  par  le  Cheval.  de  St. 
Keal.  Ann.  de  Chimie.  torn.  10,  p.  44. — Experiments  to 
determine  the  quantity  of  tanning  principle  and  gallic 
acid  contained  in  the  bark  of  various  trees,  by  George 
Biggin,  Efq.  Nich.  Journal.  No.  34,  p.  392. 
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MEMBRANOUS,  TENDINOUS,  AND  LIGA-. 
MENTOUS  PARTS. 

Under  this  head  are  to  be  comprehended  all  the  fine  Tiicir  pro. 
membranes  and  cellular  texture  of  the  anhnal  body;  the 
white  membranes  that  line  the  different  cavities,  as  the 
pericardium,  dura  mater,  pleura,  &c.  thofe  that  cover 
certain  parts,  as  the  periofteum,  aponeurofis,  &c.  the 
different  tendons  that  are  attached  to  the  mufcles,  and  all 
others  of  a  limilar  nature  ;  and  the  ligaments  that  unite 
the  joints,,  together  with  all  others  of  fimilar  appear- 
ance. 

Thefe,  when  fubmltt^d  to  chemical  analyfis,  appear  to 
be  all  of  a  fimilar  nature  ;  but  they  have  not  at  prefent 
been  examined  with  fuch  precifion  as  to  point  out  any 
minute  differences  that  may  exift  between  them,  and 
which  miglit  appear  to  arife  from  the  proportions  of  their 
component  parts.  They  are  infoluble  in  cold  water;  but 
by  a  gentle  heat  and  after  a  cert^n  time,  they  produce  an 
acidity,  perceptible  both  by  the  fmell  and  tafte.  They 
readily  pafs  to  the  putrid  fermentation ;  but  what  charac- 
terizes them  moft  is,  that  when  thefe  white  membranous, 
tendinous,  and  ligamentous  parts  are  put  into  boiling 
water,  or  are  fubmitted  to  a  boiling  heat,  they  foon  be- 
come foft,  lofe  their  texture,  and  are  converted  into  a 
vifcous,  clammy,  more  or  lefs  thick  liquid,  which,  on 
becoming  cool,  takes  the  form  of  a  clear  jelly,  and  which 
is  of  great  ufe  in  the  arts  under  the  name  o^  glue.  When 
expofcd  to  a  gentle  heat,  without  the  intervention  of  wa^ 
ter,  they  become  dry,  lofe  their  toughnefs,  are  tranfpa- 
rent,  brittle,  and  eafily  break  with  a  fnapping  between 
the  lingers.    By  a  ftronger  heat,  they  curl  up  and  are  con- 
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trailed,  and,  on  continuing  the  heat,  they  melt,  produce 
a  fetid  difagrceablc  fmcU,  aUhough  not  fo  empyretimatic 
as  the  more  animaUzed  parts ;  they  fwell  and  inflame, 
although  the  inflammation  is  fomewhat  difficult.  The 
coal  which  remains,  is  light,  and  eafily  in9inerated,  whilft 
from  their  affording  the  ufual  products  of  animal  fub- 
fiances  in  a  fmall  degree,  they  may  be  looked  upon  as 
but  flightly  animalizcd. 

GLUE. 

Giur,  At  the  article  Gtlatln,  it  is  obfervcd,  that  it  is  particu- 

larly from  the  white  parts  of  animals  that  fubftance  is 
extra61:cd  ;  but  as  it  was  not  intended,  on  difcuffing  the 
nature  of  the  component  parts,  to  make  any  application 
of  them  to  the  arts,  an  account  of  the  making  of  glue, 
and  other  circumftances  attending  it,  were  referved  for 
the  prefent. 

Glue  has  nearly  all  the  properties  of  gelatin;  the  dif- 
ference, according  to  Fourcroy,  confiding  only  in  the 
confiftence.  Gelatin  has  lefs  vifcidity  and  tenacioufnefs, 
being  more  particularly  "obtained  from  young  animals  j 
whilft  glue,  on  the  contrary,  is  only  obtained  from  old 
animals,  whofe  fibre  is  become  drier  and  more  flrong. 

DaHameJ.  According  to  du  Hamel  du  Monceau,  who  has  writ- 
ten, perhaps,  the  beft  work  on  the  fubjeft  ;  glue  was  firfl 
principally  prepared  from  a  folution  of  the  membranous, 
tendinous,  and  cartilaginous  parts  of  animals  ;  they  were 
dried,  and  afterwards  melted  into  tablets.  It  is,  however, 
found,  that  all  animal  fubHances  containing  jelly^  are  ca- 
pable of  being  made  ufe  of  in  the  manufaftory  of  glue  ; 
and  du  Hamel  likewife  informs  us,  that  hartdiorn  and 
bones,  after  having  been  difTolved  in  Papin's  digefter, 
aflTonled  a  glue  of  great  flrength,  but  of  a  black  colour. 
That  giae  might  be  extracted  from  bones,  we  are  in- 
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formed  by  Papin  hinlfelf.  In  the  edition  of  his  works  Papin. 
printed  in  1782,  it  is  faid,  that,  by  means  of  his  digeftcr, 
he  had  not  only  prepared  a  jelly  from  bones,  but  alfo 
from  ivory,  with  which  he  had  glued  together  fome  pieces 
of  broken  glafs ;  and  from  experiments  that  have  been 
fmce  made  upon  them,  it  appears  they  contain  it  in  a 
confiderable  quantity, 

Spielman  has  added  a  good  deal  of  information  to  that  Spieiman. 
found  in  Papin  on  this  lubje6t.  According  to  this  che- 
mift,  he  ha?  extracted  glue,  or  dry  jelly,  not  only  from  the 
bones,  but  all  the  hard  parts  of  animals,  (imply  by  ebul- 
lition; that  he  procured  more  or  lefs  of  it  from  the  teeth 
of  the  wild  boar,  thofe  of  the  fea  horfe,'and  likewife  froia 
the  wood-loufc,  and  the  viper. 

There  are  feveral  forts  of  glue  made  in  Europe.  The 
Englifh  glue  is  efleemed  the  beft;  it  is  of  a  browniih  red 
colour.  The  Flanders  is  looked  upon  as  next  in  point  of 
goodnefs ;  it  is  whitifh  and  tranfparent,  whilft  the  moll 
ordinary  is  made  at  Paris,  and  is  black  and  opake.  The 
reafon  of  this  difference,  according  to  Lewis,  arifes  from  Lew-is, 
the  Flemifh  and  French  employing  bones  and  finews, 
which  do  not  afford  fo  ftrong  a  glue  as  fkins,  from  which 
the  Englifh  manufa6ture  their  glue.  According  to  this 
chemift^,  the  method  of  preparation  is,  to  deep  and  wafli 
the  parings  or  cutting  of  the  hides  in  water;  they  are  then 
boiled  with  frefh  water  till  the  liquor  grows  thick,  when 
it  is  ftrained  through  bafkets,  fuffered  to  fettle,  and  after- 
wards further  evaporated,  till,  on  being  poured  into  flat 
moulds,  it  unites,  on  cooling,  into  solid  cakes,  which  are 
cut  in  pieces  and  dried  upon  a  kind  of  net. 

Grenet  has  been  occupied  for  feveral  years  with  the  me-  Grenei. 
lioration  of  this  fubftance;  he  began  by  reading  every 
thing  already  written  on  the  fubje6l ;  meditated  very  much 
on  the  qualities  of  the  fubftances  employed ;  and  fubmit- 
ted  to  experiment  thofe  which  had  not  been  made  ufe  of. 
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and  which  appeared  to  him  to  be  proper  for  it's  prepara- 
tion. Bones,  however,  produced  it  abundantly,  and  with 
great  facihty  ;   he  firft  deprived  them  of  their  fat,  and 
procured  the  jelly  by  fimple  ebullition;  and  this,  when 
converted  into  glue  by  drying,   he  found  (o  be  much  fu^ 
perior  to  the  French  kind,  and  nearly  equal  in  goodncls 
to  thofe  of  the  beft  markets. 
P»n»enticr.      Parmenticr,  and  Pelletier,  who  have  alfo  made  experi- 
ments tending  to  the  fame  end,   obtained  from  6lbs.  of 
rafpings  of  the  button  makers,  lib.  of  glue,  fmiilar  to  the 
Englidi  fort.     From  the  rafpings  of  ivory  the  glue  was 
more  coloured,   but  equally  as  good.     The  rafpings  of 
born  tliey  found  to  afford  no  glue. 

As  jellies  acquire  more  or  lefs  colour  by  expofure  to 
heat,  on  being  brought  to  a  proper  (late  of  exficcation, 
to  procure  glue  as  little  coloured  as  poffible,  the  lefs  time 
it  is  expofed  to  heat  the  better ;  hence,  by  ufing  only  a 
fmall  quantity  of  water  to  extract  the  jelly,  a  lefs  evapo- 
ration is  neceifary  to  concentrate  it,  fo  as  to  form  that 
fubftance  on  cooling,  and  confequently  a  lefs  expofure  to 
the  fire;  and  if  the  jelly  be- afterwards  cut  into  thin  ta- 
blets or  cakes,  they  will  likewife  be  more  eafily  dried.  To 
following  this  plan,  the  Flanders  glue  is  faid  to  owe  ii'i 
whitenefs  and  tranfparency;  whereas  by  much  expofure  to 
beat,  the  parts  become  carbonized  and  black. 

Glues  differ  from  each  other  in  their  confidence,  co- 
lour, favour,  odour,  and  folubility ;  fome  of  them  ditfolvc 
very  readily,  when  agitated  in  cold  water,  others  are  only 
folubic  in  boiling  water;  the  beft  ought  to  be  tranfparcnt, 
of  a  yellow,  inclining  to  a  brown  colour,  without  odour 
or  favour ;  it  ihoukl  be  perfectly  foluble  in  water,  forming 
a  vifcous  fluid  with  it  of  an  uniform  confiftencc,  and 
which  on  becoming  dry,  preferves  equally,  in  every  part, 
it's  tenacity  and  tranfparency,  arid,  in  general,  attains 
jnore  folidity,  colour,  aijd  yifcidity,  according  to  the  age 
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and  ftrength  of  the  animal  from  which  it  has  been  ex- 
trailed. 

Clennel  has  given  the  moft  minute  account  of  the  ma-  ciennei. 
king  of  glue^  which  was  obtained  during  a  vifit  to  a  ma- 
nufe6lory  in  Southwark.  He  informs  us,  it  is  made  from 
the  parings  of  hides,  horns  of  different  kinds,  pelts  from 
furriers,  and  the  hoofs  and  ears  of  horfes,  oxen,  calves, 
fheep,  &c.  quantities  of  which  are  imported  in  addition 
to  the  home  fupply,  by  many  of  the  great  manufadturers 
of  this  article.  Thefs  are  firft  digefted  in  lime-water  to 
cleanfe  them,  as  fae  as  it  can,  from  any  greafe  and  dirt ; 
they  are  then  fteep«(d  in  clean  water,  ftirring  them  well 
from  time  to  time]  they  are  afterwards  laid  in  a  heap,  and 
the  fuperabundant  water  poured  out;  they  are  then  boiled 
in  a  large  brafs  caldron  with  clean  water,  fkimming  off 
the  dirt  as  it  rifes,  which  is  further  cleanfed  by  putting 
in,  after  the  whole  is  diffolved,  a  little  melted  alum,  or 
lime  finely  powdered,  which,  by  their  deterfive  properties, 
flill  further  purge  it ;  the  fkimming  is  continued  for  fome 
time,  when  the  mafs  is  flrained  through  bafkets  and  fuf- 
fered  to  fettle,  that  the  remaining  impurities,  if  any,  may 
fubfide  J  it  is  then  poured  gently  into  the  kettle  again,  and 
further  evaporated,  by  boiling  a  fecond  time,  and  fkim- 
ming, until  it  becomes  of  a  clear  but  darkifh  brown  co- 
lour; when  it  is  thought  to  be  llrong  enough  (which  is 
known  either  by  the  length  of  time  a  certain  quantity  of 
water  and  materials  have  boiled,  or  by  it's  appearance 
jduring  ebullition),  it  is  poured  into  frames  and  moulds 
about  fix  feet  long,  one  broad,  and  two  deep,  where  it 
hardens  gradually  as  the  heat  decreafes;  out  of  thefe 
troughs  or  receivers,  it  is  cut  when  cold  by  a  fpade,  into 
fquare  pieces  or  cakes,  and  each  of  thefe  placed  within  a 
fort  of  wooden  box,  open,  in  three  divifions  to  the  back  ^ 
in  this  the  glue,  as  yet  foft,  is  taken  to  a  table  by  women^ 
^here  they  divide  it  into  tbre^  pieces,  (when,  by  ipiftake^ 


316  SOLIDS. 

they  cut  only  two,  that  which  is  double  the  fize  is  called 
Abi(hop^  and  thrown  into  the  kettle  again)  with  an  in- 
Itrnmcnt,  not  unlike  a  bow,  having  a  brafs  wire  for  it's 
ftrrng;  with  this  they  Hand  behind  the  box,  and  cut  by- 
it's  openings  from  front  to  back  ;  the  pieces  thus  cut,  are 
taken  out  into  the  open  air,  and  dried  on  a  kind  of  coarfc 
net  work,  faftened  in  moveable  (lieds  of  about  four  feet 
fquare,  which  are  placed  in  rows  in  the  gluemaker*s 
field,  (every  one  of  which  contains  four  or  five  rows  of 
net  work) ;  when  perfc6lly  dry  and  hard  i't  is  fit  for  fale. 

According  to  Clennel,  that  is  thought  the  befl  glue 
which  will  fwell  confiderably  without  melting,  by  three 
or  four  days  immerfion  in  cold-water,  and  recover  it's 
former  dimenlions  and  properties  by  drying.  Glue  that 
has  got  froftj  or  that  looks  thick  and  black,  may  be 
melted  over  again  and  refined,  with  a  fufficient  quantity 
added  of  frefh,  to  overcome  any  injury  it  may  have  fuf- 
tarned  ;  but  it  is  generally  put  into  the  kettle  after  what 
is, in  it  has  been  purged  in  the  fecond  boiling.  To  know 
good  from  bad  glue,  the  purcliafer  fhould  hold  it  between 
liis  eye  and  the  light,  and  if  it  appears  of  a  flrong  dark 
brown  colour,  and  free  from  cloudy  or  black  fpots,  the 
article  is  good, 
jvje.  A  fuperlor  and  even  colourlcfs  glue,  called  ^ze,  is  ob- 

tained from  eeUfkins,  vellum,  parchment,  and  fome  of 
the  white  kinds  of  leather,  &c.  but  this  is  much  too  cx- 
penfive  for  common  ufe,  and  is  only  employed  by  thofe 
artificers  whofe  work  requires  fo  delicate  a  fubftance,  and 
\vhere  o-Ute  would  be  too  "Tofs.     Such  as  ufe  fize  are  the 

o  o 

paper-maker,  the  linen  manufafturer,  the  gilder  of  gold, 
poliiher,  and  the  painter  in  various  colours.  Sec.  For 
the  fame  purpofe  the  fkins  of  the  cat,  rabbit,  and  hare, 
are  employed. 

Haicliett  oil        _.^  '       .      ,  .  ,  .         _,  , 

mucilage,         Hatchctt,  m  his  expermients  to  mveiligale  thecompo- 
otue  ^"^     fition  of  membrane,   obtained  various  quantities  of  ge- 


SOLIDS. 

latin,  ^nd  when  the  folutlons  of  it  were  gradually  redu- 
ced bv  evaporation,  he  had  opportunities  of  frequently  ob- 
ferving  the  various  degrees  of  vifcidity  and  tenacity  which 
characlcrize  mucilage,  fize,  and  glue.     The  difference  in. 
the  vifcidity  and  tenacity  of  the  varieties  of  thefe  fub- 
llanccs,  is,  according  to  this  chemift,  evidently  an  inhe- 
rent quality,  and  not  caufed  by  the  degree  of  infpiflation  ; 
for  if  this  was  the  cafe,   mucilage,  fize,  and  glue,  when 
dry,  he  thinks,  would  be  of  equal  quality,  which  is  con- 
trary to  experience  3  for  the  varieties  of  glue  are  not  of 
equal  tenacity.     Glue,  made  from  certain  parts  of  ani- 
mals, fuch  as  the  fkin,  being  more  tenacious  and  of  better, 
quality  than  that  which  is  made  in  fome  places  fjoni 
feet  and  fmews.     It  differs  alfo  according  to  age  ;  for  the 
beft  and  (Irongeft  glue  is  always  obtained  from  the  more 
ajred  animals,  in  whom  the  fibre  is  found  to  be  moft 
coarfe  and  ftrong.     But  a  longer  continued  boiling  ap- 
pears requifite  to  extraft  it,  and  the  more  vifcid  glues  are 
obtained  with  greater  difficulty  than  thofe  of  a  lefs  vifcid 
quality,  which  may  more  properly  be  called  fize,  and 
this  difference  is  to  be  obferved,  when  mufcle  is  boiled 
with  repeated  and  frequent  changes  of  water.     Gelatin 
thus  obtained,   whether  in  the  ftate  of  mucilage,  fize,  or 
glue,  when  completely  dried,  is  affefted  by  water  accord- 
ing to  it's  degree  of  vifcidity ;   for  when  cold  water  is 
poured  on  dry  mucilage,  it  diffolves  it  in  a  iliort  time ;  but 
if  cold  water  is  poured  on  thefe  varieties  of  gelatin,  which 
whendiffolved  in  a  properquantityof  boiling  water,  would, 
by  cooling,  form  jellies  mojre  or  lefs   fl:iff,   it  ads  on 
them  in  different  degrees,  not  fo  much  by  forming  a 
complete  folution,  as  by  caufing  them  to  fwell  and  be- 
come fo  ft;   fo  that  when  a  cake  of  glue  has  been  fi:eeped 
three  or  four  days  in  cold  water,  if  it  fwell  much  without 
being diffolved,  and,  when  taken  out,  recovers  it's  original 
figure  and  hardnefs  by  drying,  fuch  glue  is  confidered  .to 
be  of  the  beft  quality. 
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The  animal  mucllag(?,  which  Hatchett  employed,  was 
obtained  frpm  the  coroll.  officin.  as  he  found  it  to  be  pure, 
and  not  partly  modified  into  gelatin  or  animal  jelly;  or  in 
other  words,  the  mucilage  had  not  acquired  the  degree  of 
vifcidity  requifite  to  form  a  gelatinous  ftabftance.  The 
expreffion  is  not  therefore  to  be  underflood  as  alluding 
to  any  effential  difference  in  compofition,  but  only  to 
denote  fome  variation  in  the  degree  of  confiftency  ;  for 
the  whole  may  be  comprehended  under  the  term  gelatin, 
(vide  art.  Gelatin)  of  which  mucilage  may  be  regarded 
as  one  extreme,  and  the  ftrongeft  and  moil  vifcid  glue  as 
the  other. 

As  the  qualities  of  gelatin  are  fo  various,  fo  the  pro- 
perties of  the  fubftances  in  which  it  is  prefent  as  a  com- 
ponent part,  are  much  influenced  by  it  5   and  when,  for 
example,  fkins  of  different  animals  are  compared,  he  al- 
ways found,   that  the  moft  flexible  fl<:ins  afforded  gelatin 
more.eafily,  and  of  a  Icfs  vifcid  quality,  than  thofe  which 
were  lefs  flexible,  and  of  a  more  horny  confifl:ency.     The 
itin  of  the  eel  poflefles  great  flexibility,  and  it  affords  ge- 
latin very  readily  and  in  large  proportion.     The  fkin  of 
the  fliark  alfo,   which  is  commonly  ufed  by  cabinet  ma- 
kers to  polifli  their  work,^  was  alfo  foon  diffolved,   and 
formed  a  jelly  Hke  the  former.    The  thin  and  tender  epi- 
dermis or  cuticle  of  thefe  flcins,   although  not  foluble, 
was  reduced  into  fmall  particles  by  violent  ebullition, 
and  the  fpiculae  were  alfo  feparated.     The  fkins  of  the 
hare,  rabbit,  calf,  ox,  and  rhinoceros,  gave  the  fame  re- 
fults,  but  gelatin  from  the  hiddof  the  rhinoceros,  appeared 
the  flrongeft  and  moll  vifcid.    In  every  one  of  the  experi- 
ments, the  true  flcin,  or  cutis,  was  principally  afte6ted  (as 
Chaptal  and  Seguin  have  obferved)  by  long  boiling,   but 
that  of  the  rhinoceros  far  exceeded  the  others  in  difficult 
folubility.     The  cutis  of  thefe  flcii^s,  when  firfl;  boiled, 
fwelled  and  appeared  horny  J  it  was  then  gradually  dif- 
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folved  ;  but  in  the  cutis  of  the  rhinoceros  a  few  filaments 
remained,  which  at  length  contra<3:ed  anfl  adhered  to  the  . 
-cuticle  The  cuticle  of  the  different  (kins  was  foftened, 
but  not  diffolvcd  ;  and  as  the  cutis  feems  to  be  entirely- 
formed  of  gelatin,  fo  the  cuticle  appears  to  contain  it, 
although  in  a  fmall  proportion.  It  is,  however,  neceffary 
to  it*s  flexibility, ;  for  when,  after  long  boiling,  the  cu- 
ticle of  the  Ikins  was  dried,  it  became  a  brittle  fubftance, 
which  was  eaiily  reduced  to  powder. 

Hair  was  much  Icfs  affe<Sled  than  fkin.     The  cartilages 
of  the  articulations  are  as  completely  foluble  as  the  cutis, 
when  long  boiled  with  water ;  but  this  is  not  the  cafe  with 
the  other  cartilages  |   the  other  afforded  little  or  none. 
It  was  the  fame  with  refpe6l  to  quill  fhavings,   and  the 
horns  of  different  animals,  whicli  were  next  fubje6led  to 
ex'periment,  and  all  afforded  fmall  quantities  of  gelatin,  and 
the  more  flexible  horns  the  grealefl:  quantity,  with  the 
greateft  eafe,   and,  when  deprived  of  it,   and  fuffered  to 
dry  fpontaneoutly,   in  the  air,  they  become  more  rigid, 
and  were  eafily  broken.   The  horns  were  thofe  of  the  ox, 
ram,  goat,    and  chamois,  which    are  perfeftly  dillinA 
from  the  nature  of  flags  or  bucks  horn  ;   for  this   is  as 
different  from  the  former,  in  chemical  compofition  as  ia 
conftru£lion.     Like  bone,  it  affords  much  phofphat  of 
lime,  (vide  bone)  and  like  it,  a  large  quantity  of  gelatin  ; 
and  it  is  obferved  by  Hatchett,   that  phofphat  of  lime  is 
generally  accompanied  by  gelatin,  as  in  fl:agshorn,  bone, 
ivory,  Sec.     On  the  contrary,   when  carbonat  of  lime  is 
the  hardening  fubfl:ance,  as  in  fliells,  madrepores,  and 
millepores,  no  gelatin  can  be  difcovered  ;  for  he  has  fre- 
quently digeflied  the  fubfl:anccs  many  days  in  boiling  dif- 
tilled  water,  after  having  reduced  them  to  a  coarfe  pow- 
der, that  they  might  prefent  a  large  furface,  but  never 
could  difcqver  the  flightefl:  veftige  of  gelatin.     Hence  the 
above  horns  are  very  diflerent  from  the  compofition  of 
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ilags  horn,  and  yield  gradually,  and  with  great  difficult3'-, 
only  a  fmall  quantity  of  gelatin. 

Human  nails  and  (liavings  of  a  hoof,  long  digeded  for 
feveral  days,  afforded  like  quill,  only  a  flight  cloud  by 
nitro-muriat  of  tin.  Tortoifernell  in  fmaU  thin  flips  and 
ihavings  were  affe^lcd  in  a  fimilar  manner. 

Sponges  and  gorgoniae,  bladder  and  other  membranes, 
afforded  more  or  lefs  gelatin. 

•He  found  the  effects  of  the  dilute  nitric  acid  on  the 
fubftances  he  fubjefted  to  experiment  for  the  obtaining  of 
glue,  exactly  kept  pace  with  thofe  of  boiling  water,  of 
which  he  gives  an  inffance.  of  two  pieces  of  flcin  recently 
taken  from  the  ox,  onfe  of  the  pieces  was  boiled  in  water 
till  the  whole  of  the  cutis  was  diffolved  ;  after  w  hich  the 
cuticle  remained,  although  very  feeble  in  texture,  w^hile 
the  hair  did  notfeem  to  have  fuffered  any  material  altera-, 
lion.  The  other  piece  vi^as  ftetped  in  nitric  acid,  di- 
luted with  about  four  meafures  of  diflilled  water.  At  the 
end  of  five  days  the  cutis  vi'as  diffolved,  and  the  cuticle 
was  become  of  a  loofe  and  feeble  texture,  but  the  hair  had 
not  fuffered  any  apparent  change  excpting  that  of  being 
flightly  tinged  with  yellow.  In  both  cafes,  therefore, 
the  effeAs  of  boiling wat-er,  andof  acid,were  fimilar;  and 
he  foun-d  them  to  be  moie  powerful  on  thofe  parts  which 
were  the  mofi:  gelaiinous ;  and  as  water  diffolves  mucilage 
more  fpecdily  than  fize,  and  this  laft  more  fpeedily  than 
firong  vifcid  glue,  fo  are  the  cffe6ls  of  very  dilute  nitric 
acid  on  the  fame  fubfiances. 

In  refpe6l  to  ceconomical  purpofes,  all  animal  fnb- 
flances  whatever,  (exclufive  of  carbonat  and  phofphat  of 
lime)  may  be  converted  into  two  fubfi:ances  of  much 
utility,  viz.  glue  and  foap,  with  the  additional  advantage 
that  thofe  parts  vvhich  would  be  rejected  in  making  the 
one,  are  thci  moft  proper  to  prepare  the  other.  The  offen- 
five  fmcll  of  Chaptal's  foap   is  confidered  as  an   objec- 
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tlon,  but  this  may  be  removed  by  expofing  the  foap  for 
fometimein  flat  veflels  to  the  air;  after  which,  it  may 
be  reduced  to  the  proper  degree  of  conliilency  by  a  fecond 
boiling, 

ISINGLASS    OR    ICHTHYOCOLLA. 

This  is  another  fine  fpecies  of  glue,  extra6led  from  i^^^s^^^^, 

_         and  the  me- 

certain  fifli,  very  common  in  the  Ruffian  feas,  and  which  thod  of  ma- 
are  found  on  entering  the  large  rivers.  Hence  the  Wolga,    '"^^^ 
Lyakj  the  Don,  and  Danube,  afford  large  quantities,  as 
well  as   the  Cafpian  fea  ;  they  are  even  to  be  found  in 
Siberia,  known  by  the  name  of  kle  or  kla,  from  being 
filled  with  the  gluey  matter.     It  is  prepared  in  Mofcovy 
from  the  air  bladders  of    the  Jliirgeon   and  the  ficrledy 
which  afford  the  moft  beautiful  ifinglafs.     After  thefe,  a 
fifli  caUed  ferrijouga  gives  the  next  in  quality  ;   and  laftly, 
the  belouga.     There   is  likewife  another  part  of  the  fifh 
lituated  near  the  back,  to  which  it  is  attached,  called  the 
vefiga,  which  makes  excellent  ifinglafs,  and  this  is  laid  to 
be  particularly  the  cafe  with  the  fifh  accipenfer»     It   is 
perhaps  the  founch  of  the  Englidi. 

In  general  the  flfli  of  frefh  water  is  preferred,  affording 
an  ifinglafs  which  is  more  delicate,  more  flexible,  and 
exceedingly  tranfparent;  and  there  are  numbers  of  fmali 
ones  in  the  above  rivers  which  excel  in  affording  it  in  a 
fuperior  degree. 

The  method  of  making  the  ifinglafs  is,  after  the  blad- 
der has  been  extrafted,  it  is  wafhed  with  water  to  clean 
it  of  the  blood*,  if  any  remains,  but  not  otherwife.  It  is 
then  cut  lengthways,  and  the  exterior  membrane  taken 
off,  which  is  of  a  brown  colour,  whilfl  the  other 
membrane,  already  mentioned,,  is  fo  fine  and  white 
as  to  be  taken  from  the  fifh  with  difficulty.  They  are  ^ 
firfl  formed  into  rolls  of  the  thicknefs  of  the  fin- 
ger,   placing  the  fine  membrane   in  the  middle,    and 

VOL.  I.  Y 
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are  then  fufpcnded  in  the  air  to  dry  gradually.  Ifinglafs  isj 
however,  converted  into  various  (liapes,  as  fancy  dire6ls* 
The  bed  is  made  in  the  fummer,  as  it  is  apt  to  have  a  dif- 
agreeable  odour,  if  formed  during  the  winter  ;  at  the  fame 
time,  it  diminiihes  in  weight,  and  it*s  gelatinous  qualities 
are  affected.  In  order  to  be  good,  ifinglafs  fhould  be  white, 
femitranfparent,  without  odour,  and  perfectly  dry.  To 
diflblve  it,  it  is  reduced  to  fmall  pieces  by  breaking  it 
\vith  a  hammer^  and  then  cut  with  fciffars.  In  this  ftate 
h  may  be  diflTolved  in  water,  by  a  gentle  heat,  (lirring  it 
at  times.  It  diffolves  bcft,  however^  in  fpirit  of  wine, 
in  which  it  particularly  differs  from  common  glue.  The 
Kuflians  have  another  kind  of  ifinglafs,  in  the  making  of 
which,  heat  is  ufed  ^  it  comes  from  Gouriefgorodon,  a 
fmall  town  on  the  Yaix,  but  it  is  of  an  amber  yellovr 
colour,  and  is  not  fold  in  commerce. 

Befides  the  above  mentioned  parts  of  fifli  from  which 
ifinglafs  is  made,  a  fort  for  the  purpofes  of  clarifying  dif- 
ferent wines  and  other  liquors,  is  made  from  a  variety 
of  other  fifti,  fuch  as  fea  wolves,  porpoifes,  fea  cows> 
fliarks,  cuttle  fifh,  whales,  and  all  other  fifh  without 
fcales.  Of  thefe,  the  head,  tail,  bones,  or  cartilages,  fins, 
fkin,  and  indeed  every  part  of  the  body,  except  the  flefh 
and  fat,  or  oil,  are  boiled  in  a  large  quantity  of  water,  fo 
as  to  prevent  any  accefs  of  fmoke.  It  mufi;  be  well  flnm- 
med  in  proportion  as  impurities  arife.  When  all  the 
vifcous  part  is  cxtra6ied,  it  is  taken  from  the  fire  and  left 
to  repofe,  and  afterward  filtered  through  a  linen  cloth* 
The  clear  filtered  liquor  is  expofed  to  heat  a  fecond  time, 
until  it  is  become  fo  thick,  that  if  a  drop  be  placed  on  a 
plate,  it  fixes  on  cooling*  It  is  then  taken  oflf  the  fire 
and  left  till  it  has  acquired  a  certain  confiflence  by  cool- 
ing, when  it  is  poured  on  tables  of  flone  or  marble,  op 
other  hard  bodies,  from  which  it  may  beeafily  feparated, 
^d  at  a  propef  tinte  before  aJ-l-  the  heat   i§  difBpated,  i4 
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is  cut  into  tablets^  and  dried  in  the  (hade..  This  fort  of 
ilinglafs,  which,  if  properly  made,  is  white  and  trant- 
parcnt,  and  on  difTolving  affords  no  fcdlment,  is  very 
ferviceable  in  the  clarifying  of  wine,  fixing  the  matter  in 
the  compofition  of  crayons,  and  for  other  purpofes,  fuch 
as  the  fliffening  of  filk  and  gauzes,  the  joining  pieces  of 
glafs,  or  porcelane,  making  artificial  pearls,  and  forming 
Englifh  flicking  plafter.  Ifinglafs  is  of  all  fliades,  from  a 
perfect  tranfparency  to  a  black  3  but  the  word  pieces  are 
large  and  yellowifh,  of  a  difagreeable  odour,  and  opake. 
A  beautiful  black  may  be  given  it  by  carbonizing  it  in  a 
fmall  degree. 

According  to  Hatchett,  500  grains  of  ifinglafs,  per-  H's  comp«. 
fc6lly  exficcated,  yielded  36  grains  of  coal,  from  which 
1  grain  and  half  of  earthy  refiduum  were  obtained  by  inci- 
neration, which  lafl  being  deducted,  the  proportion  of  coal 
appears  to  have  been  54,30  grains.  The  1,30  grs.  were 
phofphat  of  foda,  mixed  with  a  very  minute />r^^c^r//c»  of 
phofphat  ofUnie, 

Nevvmann's  Chemiflry—^Rapport  fait  au  Bureau  de 
Confult.  fur  le  Colle  forte  des  os  propofi,  par  M.  Genet, 
par  M.  Parmentier,  et  Pelletier.  an.  dech.  v.  13,  p.  I92. 
-^Macquer's  Wcerterbuch,  art.  Le'im. — Encycldp.  Meth. 
Arts  et  Metiers,  t.  3,  p.  60. — Nicholfon's  Journal, No.  8, 
0(9:.  an  account  of  the  art  of  making  glufe. 
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The  principal  ufe  of  thefe  parts  is  to  defend  or  fuppoft 
the  animal,  which,  from  their  firm  and  fixed  nature,  the)' 
are  capable  of  performing'.  They  may  Be  divided  into 
bones,  horn,  fliells,  and  zoophytes. 

BONES. 

Bones.  These  are  the  hardeft  and  moft  firm  of  all  the  parts 

of  an  animal,  their  texture  is  clofe   and  compa6t,  more 
or  lefs  brittle,  very  little  if  in  any  degree  flexible,  and  not 
capable  of  being  foftcned  by  heat,  like  horn,  fo  as  to  re- 
ceive the  impreflions  of  dlflferent  figures.     When  clean 
and  in  a  healthy  ftate,   they  are  white  ;  when  difeafed, 
yellowifii,  brown,  or  blackifli,  very  porous,    and  often 
corroded. 
Expofcdto       Bones,  when  deprived  of  their  marrow  (vide /^;)    and 
heau  "^^      expofed  to  a  boiling  heat  in  water,  afford  a  quantity  of 
gelatin,  and  this  is  eafier  extra6led  if  they  be  previoufly 
broken  into  fmall  pieces  or.rafped  {wide glue.) 
Theirdiftil-      By  dillillation  in  a  retort,    there  arifes   an  alkaline 
phlegm,  a  fetid  empyreumatic   oil,  and  much  concrete 
volatile   alkali ;  a  black  coal  remains  behind,  which  is 
very  compact  and  very  difficult  to  incinerate. 
Cakination.      The  afhes  are  white,  and  afford  to  cold  water  a  fmall 
quantity   of  cretaceous  foda;  hot  water  afterward  takes 
up  a  certain  quantity  of  felenitej  the  refidua  of  thefe  lix- 
ivia is  infoluble  in  water,  and  is  the  phofphat  of  lime  dif- 
covejed  by  Gahn  of  Stockholm,  in   1769.     Unlefs  the 
fire  be  long  continued  and   very  llrong,  the  large  entire 
bones  {HU  remain  black   in  the  middle;  and  if  calcined 
in  a  furnace,  in  the  niidil  of  charcoal,  they  remain  lumi- 
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nous  In  the  dark.  By  a  very  ftrong  heat,  they  are  femi- 
vitrified,  and  reduced  into  a  very  hard  and  white  kind  of 
porcelane. 

Acids  when  diluted  make  them  flexible  and  tough  like  A^ion  of 
leather,  by  decompofing  the  calcareous  phofphat  they 
contain,  by  which  means  they  are  deprived  of  their 
earth.  It  was  by  means  of  the  vitriolic  acid,  that  Gahn, 
firft  mentioned,  made  the  difcovery,  and  by  this  he 
feparated  the  phofphoric  acid,  Kunckel  and  Beccher,  who 
procured  it  from  teeth,  knew  of  it's  exiftence  in  bones. 

In  1777,  phofphorus  was  prepared  from  bones  by  the  Viriioiic 
means  of  this  acid,  by  the  chemifts  of  Dijon,  viz.  Mor- 
veau,  Marets,  and  Durande.     For  this  purpofe,  bones  of 
the  ox,  calf,  fheep,  &c.  were  placed  in  ftrata  upon  char- 
coal, in  a  furnace,  and  calcined,  by  which  it  was  found 
that  4  lib.  of  dried  bones  afforded  nearly  24lb.  perfe«Slly 
calcined  to  whitenefs.     Thefe  were  then  pulverized  in  an 
iron  mortar  and  fifted  ;   12lb.  were  taken  and  put  into  a 
Hone-ware  pan,  common  concentrated  vitriolic  acid  was 
pouredupon  them  until  the  effervefcenceceafed,  and  there 
was  even  a  fmall  excefs ;  the  mixture  was  then  agitated,  a 
fufficient  quantity  of  water  was  added  to  favour  the  a6lion 
of  the  acid,  until  it  was  become  of  the  confiftence  of  a  clear  Preparation 
foup,  and  it  was  then  expofed  for  three  hours  to  the  heat  °ygf  0  P  «• 
of  a  fand  bath.     This   laft,  however,  may  be  difpenfed 
with,  by  letting  it  {land  at  reft  for  feveral  hours,  until  it 
proves  thick. 

It  is  then  diluted  with  a  good  deal  of  water,  and  filtered 
through  cloth  or  paper,  taking  care  to  wafh  the  refiduum 
with  warm  water  until  it  pafles  through  taftelefs,  and  no 
longer  precipitates  limewater,  which  proves  that  it  no 
longer  contains  difengaged  phofphoric  acid.  The  filtered 
liquor  being  evaporated,  gradually  depoflts  a  beautiful 
white  filky  fubftance,  which  is  fclenite,  and  muft  be  fe- 
parated by  filtration,  taking  care  to  wafli  it  with  a  fuffi- 
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cient  quantity  of  water  to  carry  off  any  phofphoric  acid 
that  may  adhere  to  it.  The  filtrations  are  repeated  until 
the  fluid  depofits  no  more  precipitate;  it  is  then  evapo- 
rated to  the  confidence  of  honey^  when  it  appears  wutU  a 
brown  and  greafy  afpe6l.  If  it  be  gradually  heated  in  a 
crucible  till  it  ceafes  to  emit  a  fulphureous,  and  as  it  were 
an  aromatic  fmell,  and  no  longer  boils,  it  acquires  a 
femivitreous  confidence,  is  of  an  acid  favour,  and  at- 
tracts hnmidity  from  the  air.  Expofed  to  a  great  degree 
of  heat,  it  is  fufed  into  a  tranfparent,  hard,  infipid,  infolu- 
ble  matter,  without  any  acidity.  The  above  quantity  of 
bones  afforded  about  2  lb,  9  oz.  of  this  femivitreous 
mafs,  independent  of  what  adhered  to  the  crucible. 

This  vitreous  mafs  well  pulverized,  and  mixed  with 
one  third  it's  weight  of  powdered  charcoal,  is  put  into 
an  earthen  retort,  to  which  a  receiver  half  filled  with 
\vater,  and  pierced  with  a  fmall  aperture  is  adapted  ;  the 
fire  is  then  increafed  by  degrees  till  the  retort  is  heated  to 
whitenefs,  at  which  time  the  phofphorus  pafTes  over  in 
drops.  The  whole  operation  is  from  five  to  feven  or  eight 
hours,  according  to  the  quantity  of  matter  difl:illed,  and 
the  heat  the  furnace  is  capable  of  giving.  From  the 
above  quantity,  6oz,  7  drachms  of  beautiful  phofphorus 
were  obtained.  Fourcroy  fays,  that  from  6  lb.  of  bones^ 
20  ozs.  or  a  little  more  of  the  vitriform  refidue  is  ob- 
tained, which  afford  about  3  oz.  of  phofphorus,  and  ^ 
few  di-achms  of  phofphorus  half  decompofed,  which  is 
nearly  the  fame  as  the  above.  It  is  not  neceflary  for  the 
making  of  phofphorus  to  carry  the  operation  further  than 
till  the  matter  has  acquired  the  confifi;ence  of  firup, 
which  may  be  conveniently  performed  in  a  copper  vefTel, 
and  inftead  of  a  receiver,  the  neck  of  the  retort  may  be 
]\\(k  plunged  fimply  in  water  contained  in  an  open  bafin. 
Care  mufi:  be  taken  that  the  neck  of  the  retort  be  not 
plunged  fo  deep  as  that  the  water  may  rife  into  the  body 
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©fthe  velTel  when  abforption  takes  place,  but  that  the 
fluid  in  the  bafin,  may,  by  it's  fall,  fuffer  air  to  enter  j  in 
this  cafe  a  fmall  quantity  of  the  phofphorus  in  the  neck 
of  the  retort,  may  be  burnt,  but  the  quantity  loft  is  very 
inconfiderable. 

Experiments  with  the  vitriolic  acid  were  likewife  made 
by  Nicolas,  Pelletier,  Bonvoifin,  &c. 

It  has  been  feen  that  the  offeous  matter  may  be  diflblv-  Nitrous. 
cd  by  the  vitriolic  acid.  Some  chcmifts  have  likewife 
employed  the  nitrous  to  extra«Sl  the  phofphoric  acid.  It 
was  by  this  means  that  Scheele  fucceeded  in  preparing 
phofphorus  fo  early  as  the  year  1771^  and  he  has  been 
oppofed  to  Gahn,  although  erroneoufly,  as  the  firft  difco- 
verer.  He  difTolved,  by  warm  digeftion,  4  lbs,  of  white 
calcined  bones,  coarfely  pulverized,  in  8  lbs.  of  nitrous 
acid,  diluted  with  an  equal  quantity  of  water  *,  to  this  he 
added  four  times  the  quantity  more  of  water,  which  form- 
ed nitrat  of  lime  ;  the  fait  remaining  in  folution,  together 
■with  the  difengaged  phofphoric  acid.  On  this  mixture 
he  poured  diluted  vitriolic  acid,  which  feizing  the  lime 
from  the  nitrous  acid,  formed  felenite.  This  fait  being 
precipitated  by  it's  infolubility,  was  feparated  by  the 
filter  after  refting  24  hours,  lixiviated,  and  the  lye  fiher- 
ed  and  added  to  the  firft  liquor.  This  was  then  evapo- 
rated, the  felenite  which  was  depoiited  feparated, 
and  diftilled  to  the  confiftence  of  firup ;  then  levigated 
with  two  pounds  of  charcoal  powder,  expofed  in  a  retort 
with  a  receiver  adapted  to  it,  half  filled  wiih  water,  to  a 
ftrong  fire,  increafed  until  phofphor«fcent  vapours  arofe, 
and  the  phofphorus  afterward  clarified. 

This  method,  employed  by  Scheek,  was  followed  by 
Crell  and  Rouelle,  who  only  made  ufc  of  the  vitriolic  acid 
to  precipitate  the  calcareous  earth.  This  is  an  expenfive 
method,  but  according  to  Morve^u,  has  great  advanta- 
ges, for  the  nitrat  of  lime  being  more  foluble  tha^i  fele-r 
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nlte^  there  is  no  reafon  to  fear  that  the  fait  which  is 
produced  fhould  prevent  the  action  of  the  menftruum  ; 
and  fince  the  vitriolic  acid  is  only  to  decompofe  a  liquid 
faltj  there  is  certainty  of  not  exceeding  the  quantity, 
which  is  a  very  important  circumftance,  this  acid  retain- 
ing felenite  in  folution;  and  all  chemifts  agree,  that  the 
more  felenite  remains  in  the  liquor,  the  lefs  phofphorus 
is  obtained.  According  to  the  fame  chemift,  it  is  like- 
wife  very  proper  to  try  the  liquor  after  it  has  been  filtered, 
as  Rouelle  advifes,  by  pouring  into  it  a  few  drops  of  vi- 
triolic acid,  and  of  the  nitrous  folution  of  the  ofleous 
earth,  as  the  firft  renders  it  turbid  if  there  remains  any 
pf  the  nitrat  of  lime  undecompofed,  and  the  fecond  dif- 
covers  an  excefs  of  vitriolic  acid. 
Muriatic.  This  acid  was  employed  by  Wiegleb  for  the  folution 
of  bones,  looking  upon  it  to  be  more  advantageous  for 
the  precipitation  of  the  felenite  ;  he,  however,  allows 
that  there  was  ftill  fome  remaining,  after  the  firft  diftilla- 
tion  of  the  liquor ;  and  it  may  be  ealily  fuppofed  that  the 
niuriat  pf  lime  muft  be  more  fixed  than  the  nitrat  of 
lime.  Having  feparated  the  felenite  as  much  as  poflible 
by  the  ordinary  means,  he  added  ammonia  as  a  further 
precipitant,  and  diftilled  in  a  glafs  retort  the  precipitated 
liquor,  which  he  calls  ammoniacal  phofphoric  fait ;  by 
this  means  he  obtained  in  the  receiver  fome  cauftic  vola- 
tile alkali,  a  portion  of  ammoniacal  fait  in  the  neck  of 
the  retort,  and  at  the  bottom  fome  phofphoric  acid, 
which  he  fays  had  attacked  the  glafs ;  he  then  difTolved 
it  in  warm  water,  evaporated  the  folution  to  drynefs, 
melted  it  afterward  in  a  crucible,  poured  out  the  matter 
which  refembled  a  glafs  only  in  appearance,  and  which 
was  very  acid,  and  deliquefced  in  the  air ;  and  by  this 
procefs  he  expe<5led  a  very  pure  phofphoric  acid,  fuppofing 
that  this  acid  paffes  to  a  glaoial  ftate  only  from  the  earths 
which  remain  in  it. 
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The  method  followed  by  Wiegleb,  it  is  evident,  is  in-  - 
capable  of  incrcafing  the  produ(Sl  in  the  making  of  phof- 
phorus  ;  but  according  to  the  obfervation  of  Morveau,  it 
may  be  of  fome  ufe  in  the  preparation  ofphofphai  of  ammo  ^ 
nia.    To  obtain  which,  however,  in  it's  pure  (late,  he  has  Method  of 
himfelf  propofed  the  following.   Calcined  bones  are  to  be  ni,|]'/phoras 
diflblved  in  diluted  vitriolic  acid,  taking;  care  to  ufe  lefs  ^y  ^^'^' 

.     vcau. 

acid  than  is  necefTary  to  difTolve  all  the  offeous  earth.  It  is 
then  to  be  evaporated  to  feparate  the  felenite  ;  and  if  the 
operation  be  well  managed,  not  only  very  little  of  this  fait 
will  remain  in  the  liquor,  but  not  an  atom  of  vitriolic  acid. 
This^  however,  may  be  tried,  by  adding  a  few  drops  of  the 
nitrous  folution  of  bones,  which  will  caufe  no  turbidnefs, 
if  no  acid  remains.  Volatile  alkali  is  then  to  be  added, 
even  in  it's  cauftic  ftate,  fo  as  to  faturate  the  phof- 
phoric  acid,  which  will  form  immediately  an  almoft  folid 
mafs  that  niuft  be  diluted  with  water,  in  order  to  filter 
it,  and  the  filtered  liquor  is  a  real  folution  of  phofphat  of 
ammonia,  which,  by  fpontaneous  evaporation,  affords  very 
beautiful  cryflals  of  that  fait,  and  which  has  been  fo  labo- 
rioufly  fearched  for  in  urine.  It  is,  however,  mixed  w^ith 
a  fmall  quantity  of  phofphat  of  foda,  which  fcparates  by 
effervefcence  in  the  open  air.  The  calcare^)us  phofphat, 
remaining  on  the  fdter,  may  be  decompofed  by  the  vitri- 
olic acid  for  the  making  of  phofphorus,  fo  that  nothing 
may  be  lofl. 

The  phofphoric  acid  has  likewife  been  obtained  from  A  variety- 
other  bones  befides  thofe  already  mentioned.  Berniard  J^.fjs"fJ^''^' 
obtained  it  from  foflile  bones  5  likewife  from  the  bones  of 
the  elephant,  -whale,  porpoife,  elk,  ox,  teeth  of  the  fea- 
cow,  the  human  fpecies,  and  grinders  of  the  elephant. 
From  his  experiments  it  appears,  that  all  thefe  bones  af- 
forded the  fame  fubrtances,  and  contained  phofphoric 
acid  in  different  proportions.  The  Marquis  de  Bouillon 
obtained  a  phofphoric  glafs  from  ivory,  the  head  of  a 
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fturgcon,  and  Fontana  from  the  bones  of  fifhcs.  Cal- 
cined bones  generally  afford  one  third  of  their  weight  of 
this  acid  ;  and  Nicholas  obferves,  that  the  bones  of  young 
animals  do  not  contain  it  in  fuch  large  quantity  as  thofc 
of  old  ones  ;  and  the  fame  may  be  faid  refpefting  the 
quantity  of  earth  to  which  it  is  united*  Thus  the  bones 
of  the  fcetus  are  faid  to  contain  about  one  third  part  of 
earth,  in  the  adult  nearly  one  half,  whilft  in  old  age  it 
compofes  the  greater  part.  On  the  contrary,  the  younger 
the  animal,  the  greater  is  the  proportion  of  gelatin  in  the 
,  bone.  According  to  Accum,  fifli  bones  contain  nearly 
one  fixth  more  phofphoric  acid  than  the  bones  of  qua- 
drupeds. ^ 

Ai^hn  of        From  the  experiments  of  the  academy  of  Dijon,  carbo- 

^"*       nated  alkalis  decompofe  the  phofphat  of  lime  in  bones. 

A  fmall  quantity  of  alkali  is  alfo  ufed  in  bleaching  them ; 

for,  when  boiled  in  a  large  proportion  of  water,  the  alkali 

forms  a  foap  with  the  fatty  matter.     But  the  bed  method 

Sraiih's  ex.  of  bleaching  bones  is  given  by  Mr.  Smith  of  Briftol. 

on  bleach.   Being  ftruck  with  the  effe6ls  of  the  bleaching  liquor  on 

bv^ox^'^r*  cotton  and  linen,  he  applied  it  to  the  whitening  of  bones. 

aiedmurn-  Havinor  in  bis  pofleflion  a  cranium  lately  prepared,  per- 
lettly  c;ean  and  modorous,  but  to  brown  as  not  to  be  worth 
preferving,  he  expofed  it  with  the  vertebrae  of  the  neck 
to  an  oxygenated  muriatic  atmofpherc ;  for  which  purpofe 
he  adapted  a  cork,  with  a  (top-cock  driven  through  it,  to 
the  aperture  made  for  the  candle,  at  the  bottom  of  a  com- 
mon lamp-glafs.  For  a  retort  he  ufed  a  Florence  flafk, 
which  contained  one  fourth  of  an  ounce  of  black  calx  of 
manganefe,  mixed  with  half  an  ounce  of  muriatic  acid, 
and  a  long  bent  tube  of  glafs  fixed  into  it*s  neck  fervcd 
to  dire6l  the  product  at  pleafure. 

The  fkull  had  been  immerfcd  for  twelve  hours  in  a 
weak  cauftic  folution  of  potafh  ;  but  he  has  not  afcertained 
'U'hether  this  is  abfolutely  neceflary.     The  lamp,  which 
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contained  t^efe  bones  thus  prepared^  was  placed  in  a  large 
trough  of  water.     The  flop-cock  at  the  end  afforded  the 
ipeans  of  filling  it  with  water  by  exhaufling  the  column 
of  air  above.     It  now  remained  to  diflodge  the  water^  by- 
placing  the  flame  of  a  fpirit  lamp  under  the  retort^  and 
the  extremity  of  the  tube  under  the  lamp  glafs.     In  a  few 
minutes^  the  yellow  oxygenated  muriatic  acid  was  evolv- 
ed, and,  as  the  water  funk,  thofe   bones  expofed  to  it's 
influence,  alTumed  the  fame  appearance.     This  operation 
was  continued  till  the  glafs  was  emptied ;  but  it  was  fouiKi 
pecefTary  to  continue  the  procefs  flowly,  in  order  to  recruit 
the  air  that  had  been  abforbed  by  the  preparation  and 
water,  demonftrated  by  the  rifing  of  this  fluid.     In  fix  or 
eight  hours  the  glafs  was  removed,  and  the  head,  which 
was  of  a  bright  golden  colour,  was  expofed  to  the  open 
air  and  the  rays  of  the  fun.     As  it  dried,  it  became  paler, 
and  covered  with  fmall  fhining  cryflals,  which  were  wafh- 
ed  off  in  rain  water,  and  the  bone  was  become  fo  beau-, 
tifully  white  as  to  exceed  in  appearance  any  thing  he  had 
feen  before;  of  the  fame  kind.     With  old  bones  this  pro- 
cefs did  not  fucceed  fo  well  as  with  recent;  but  even  thefe, 
in  fome  cafes,  were  well  bleached.     The  cranium  being 
enclofed  in  a  dark  cafe,  became  rather  diminiflied  in  it's 
whitenefs,  from  the  exclufion  of  the  light;   but  this  gen- 
tleman  informs  us,  it  ftill  retains  it's  beauty  fufEciently 
to  demonflrate  the  fuperiority  of  the  procefs. 

With  rcfpect  to  the  other  component  parts  of  bones,  -pheir  cor* 
fome  fliffht  mention  had  been  made  of  the  prefence  of  a  P^^"^"'^ 

o  '^  parti  ac- 

little  felenitc  ;  and,  according  to  Prouft,  they  are  com-  cowling  to 
pofed  of  mineral  alkali,  felenite,  phofphoric  lime,  and  a 
peculiar  fubftance  ;    but  the  phofphat  of  lime  was  fup- 
pofed  to  be  the  principal  offifying  matter  in  them. 

A  more  perfe6l  and  fatisfaftory  analyfis  has  been  made  Hatr heu'i 
by  Hatchett.     He  obferves,  that  it  is  fcarcely  neceifary  to 
mention  the  ufual  effe^ls  of  acids  on  boiies  v/hen  (Iccped  ^^"^* 


experi- 
ments on 
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in  them  :  for  it  is  well  known,  that  in  every  operation  of 
this  nature,  the  offifying  fubftance,  which  is  principally 
phofphat  of  lime,  is  diffolved,  and  a  cartilage  or  mem- 
brane of  the  figure  of  the  original  bone  remains.  With 
refpeft  to  the  menftrua,  precipitants,  and  mode  of  ope- 
ration, the  bones  and  teeth  were  fubjeAed  to  the.a6lion 
of  the  acetous,  or  diluted  nitric  and  muriatic  acids.  The 
difTolved  portion  was  examined  by  carbonat  of  ammonia, 
or  of  potafh,  which  precipitated  the  carbonat  of  lime, 
and  the  phofphat  of  lime  was  precipitated  by  pure  or 
*  cauftic  ammonia.  In  experiments,  where  the  quantity  of 
the  fubftance  would  permit,  the  phofphoric  acid  was  alfo 
feparated  by  mtric  or  fulphuric  acid.  The  phofphoric 
acid,  thus  obtained,  was  proved,  after  concentration,  by 
experiments  well  known  to  effect  fuch  purpofes.  As  the 
principal  obje6l  was  to  difcover  the  moft  prominent  cha- 
racter, this  chemift  did  not  attempt,  in  general,  to  afcer- 
tain,  minutely,  the  proportions  fo  much  as  the  number 
and  quality  of  their  refpetlive  ingredients. 

He  found  that  the  bones  of  fifh,  as  thofe  of  the  falmon, 
mackerel,  brill,  and  fkate,  afforded  phofphat  of  lime,  and 
the  only  difference  between  them,  and  thofe  of  quadrupeds, 
&c.  was,  that  the  firft  appeared,  in  general,  to  contain 
more  of  the  cartilaginous  fubftance,  relative  to  the  phof- 
phat of  lime,  than  is  commonly  found  in  the  laft.  The 
different  bones  alfo  of  the  fame  fifh  were  various  in  this 
refpect,  and  the  bones  about  the  head  of  the  fkate  only 
differed  from  cartilage,  by  containing  a  moderate  propor- 
tion of  phofphat  of  lime. 

It  is  at  prefent  believed,  that  phofphat,  with  fome  ful- 

n  phat  of  lime,  confHtutes  the  whole  of  the  offtfying  fub- 

--      ftance  ;  and  he  thinks  it  probable,   that  the  formation  of 

bone  fron)  cartilage  depends   on  the  phofphat  of  lime  ; 

but  whether  this  be  the  cafe  or  not^  it  is  neceffary  to 
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mention  a  third  fubftance  that  occurred  in  the  courfe  of 
his  experiments. 

When  human  bones  or  teeth,  as  well  as  thofc  of  qua- 
drupeds and  fi(h,  whether  recent  or  calcined,  were  expofed 
to  the  a6tion  of  acids,  an  effervefcence,  although  at  times 
but  feeble,  was  produced.  This  circumftance  he  did  not 
at  iirft  particularly  notice,  but  the  following  experiments 
excited  his  attention. 

After  the  phofphat  of  lime  had  been  precipitated  from 
the  folutions  of  various  teeth  and  bones,  by  pure  ammo- 
nia, he  obferved,  that  a  fecond  precipitate,  much  fmaller 
in  quantity,  was  obtained  by  the  addition  of  carbonat 
of  ammonia.  This  fecond  precipitate  diflblved  in  acids 
with  much  effervefcence,  during  which,  carbonic  acid 
was  difengaged,  and  felenite  was  formed  by  adding  fui- 
phuric  acid.  Moreover,  the  folution  of  this  precipitate 
contained  no  phofphoric  acid,  nor  did  the  liquor  from 
which  the  precipitate  had  been  fcparated;  afford  any  trace 
ofit. 

This  precipitate  was  therefore  carbonat  of  lime ;  but 
flill  he  was  not  certain  that  it  exifted  as  fuch,  in  the  teeth 
and  bones  j  and  as  fulphat  of  lime  had  been  already  pro- 
ved by  former  chcmifts  to  exifl  in  bones,  he  was  delirous 
of  afcertaining,  whether  the  carbonat  of  lime  he  had  ob- 
tained had  been  produced  from  the  fulphat  having  been 
decompofed  by  the  alkaline  precipitate,  or  wHether  the 
greater  part  had  not  exifted  in  the  bones  in  the  flate  of 
carbonat. 

Each  of  the  folutions  in  nitric  acid  afforded  a  preci- 
pitate with  nitrat  of  barytes  ;  but  the  quantity  of  fulphu- 
ric  acid  thus  feparated.  appeared  by  far  too  fmall  to  be 
capable  of  faturatins;  the  whole  of  the  carbonat  of  lime 
obtained  from  an  equal  quantity  of  the  folution.-  To 
prove,  therefore,  the  prefence  of  the  carbonic  acid,   and 
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the  (ionfequent  forttiation  of  the  carbbnatbf  limc3  portions 
of  the  various  teeth  and  bones  were  imitierfed  in  muri- 
atic acid  at  feparate  times,  and  the  gas  produced  was 
received  in  lime-water,  by  which  it  was  fpeedily  ab- 
forbed,  and  a  proportionate  quantity  of  carbonat  of  lime 
was  obtained. 
Teeth.  This   chemift  then   examined   the  enamel    of   teeth. 

When  a  tooth,  coated  with  enamel,  is  immerfed  in  di- 
luted nitric  or  muriatic  acid,  a  feeble  effervefcence  takes 
place,  and  the  enamel  is  completely  diffqlvcd ;  fo  alfo  is 
the  bony  part,  but  the  cartilage  of  that  part  is  left,  re- 
taining the  Ihape  of  the  tooth  :  or,  if  a  tooth,  in  which 
the  enamel  is  intermixed  with  the  bony  fubftance,  be 
plunged  into  the  acid^  the  enamd  and  the  bony  part  are 
diifolved  in  the  fame  manner  as  before,  /.  e,  the  enamel 
is  completely  taken  up  by  the  acid,  while  the  tooth,  like 
other  bones,  remains  in  a  pulpy  or  cartilaginous  ftate, 
liaving  been  deprived  of  the  oflifying  fubftancc.  Con- 
fcquently^  thofe  parts,  which  were  coated  or  penetrated 
by  lines  of  enamel,  arediminifhed  in  proportion  to  the 
thicknefs  of  the  enamel  which  has  been  thus  diifolved,  but 
little  or  no  diminution  is  obferved  in  the  tooth.  This 
lias  been  noticed  by  Hunter,  who,  fpeaking  of  enamel, 
fays,  **  when  foaked  in  a  gentle  acid,  there  appears  no 
grifly  or  flefliy  part  with  which  the  earthy  part  had  been 
incorporated."  Hatchet  has  alfo  obferved,  that  when 
rafpings  of  enamel  are  put  into  diluted  nitric  or  muriatic 
acids,  they  are  diifolved  without  any  apparent  reliduum ; 
but  when  rafpings  of  tooth  or  bone  are  thus  treated,  por- 
tions of  membrane  or  cartilage  remain,  correfponding  to 
the  11  ze  of  the  rafpings.  According  to  Fourcroy  and 
Vaiiquelin,  100  parts  of  enamel  of  teeth  contain  43,3 
of  linje,  29,67  of  phofphoric  acid,  and  27.10  of  gelatin 

Hatchet  has  alfo  examined  thefoffil  hones  of  Gibraltar^ 
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US  well  as  fome  gloflbpetr©,  or  fhark's  teeth*     The  latter  poffii  bones 
afforded  phofphat  and  carbonat  of  lime  ;  but  the  laft  was  ^"^i^^'^^^'^ 
rifibly  owing  principally  to  the  matter  of  the  calcareous 
ilrata,  which  had  enclofed  thefe  teeth,  and  which  had  in- 
sinuated itfelf  into  the  cavities  left  by  the  decompofitioii 
of  the  original  cartilaginous  fubftancc. 

The  bones  of  Gibraltar  rock  he  found  alfo  to  confift 
principally  of  phofphat  of  lime,  arid  the  cavities  have 
been  partly  filled  by  the  carbonat  of  lime,  which  cements 
them  together. 

Foffil  bones  refemble  bones  which,  by  combuftion^ 
have  been  deprived  of  their  cartilaginous  part  j  for  they 
retain  the  figure  of  the  original  bone,  without  being  tione 
in  reality,  one  of  the  mod  eflential  parts  having  been  ta- 
ken away.  Now  fuch  fofhl  or  burnt  bones  can  no  more 
be  regarded  as  bone,  than  charcoal  can  be  confidered  as 
the  vegetable  of  which  it  retains  the  figure  and  fibrous 
texture. 

Bones,  which  keep  their  figure  after  combuflion,  re- 
femble charcoal  made  from  vegetables  replete  with  fibre; 
and  cartilaginous  bones,  which  lofe  their  Ihape  from  the 
fame  caufe,  may  be  compared  to  fucculent  plants,  which 
are  reduced  in  bulk  and  fhape  in  a  fimilar  manner. 

From  thefe  lafl  experiments,  this  chemift  doubts  if  bo- 
dies confifting  of  phofphat  of  lime,  like  bones,  have  con- 
curred materially  to  form  flrata  of  lime-done  or  chalk* 
As  it  appears  improbable  that  phofphat  is  converted  into 
carbonat  of  lime  after  thefe  bodies  have  become  extraneous 
foffils,  he  is  of  opinion  that  the  deflru6lion  or  decom- 
pofition  of  the,curtilaginous  parts  of  teeth  and  bones,  in 
a  foflil  ftate,  miift  have  been  the  work  of  a  very  long  pe- 
fiod  of  time,  unlefs  accelerated  by  the  a«.^ion  of  fome 
mineral  principle:  for,  on  putting  the  os  human!  ofu 
man  brought  from  Hythe  in  Kent,  faid  to  have  been  ta- 
ken from  a„Saxop  tomb,  in  muriatic  acid,  he  found  the 
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remaining  cartilage  nearly  as  complete  as  that  of  a  recent 
bone.  The  difficult  deftruftibility  of  fubftances  of  nearly 
a  fimilar  nature,  appears  alfo  from  the  mining  implements 
formed  of  horn,  not  unfreqiiently  found  in  excavations 
of  high  antiquity. 
Component  From  thcfe  experiments  it  appears,  that  bones  are  not 
banes.  earthy  matters,  as  they  were  formerly  fuppofed,  and  that 
they  are  neither  compofcd  of  calcareous  earth  and  clay,  as 
forne  chemifts  affirmed,  nor  of  magnefia,  as  others  were 
willing  to  imagine  ;  but  that  they  contain  a  certain  quan- 
tity of  gelatin,  difperfed  in  fmall  cavities,  formed  by  the 
interval  between  the  fibrous  part  which  compofes  their 
texture ;  and,  although  they  may  appear  to  refemble 
earthy  fubftances,  from  their  infolubility  and  firmnefs, 
they  are  proved  to  be  formed  of  two  earthy  neutral  falts, 
a  large  quantity  of  phofphat  of  lime,  a  fmall  proportion 
of  fulphat  of  lime,  and  fome  carbonat  of  lime. 
OiEfication.  In  the  firft  origin  of  bones,  the  firft  part  that  is  formed 
is  a  membrane  or  cartilage  of  the  requifite  figure  which,^ 
when  the  fubfequent  fecretion  of  the  olTifying  fubftance 
takes  place,  is  penetrated  by  it,  and  more  or  lefs  converted 
into  the  flate  cf  bone,  the  nature  of  which  is  more  or  lefs 
influenced  by  the  greater  or  lefs  predominance  of  the 
membranous  or  cartilaginous  part,  than  by  any  other 
caufe  ;  for  it  is  by  means  of  it  that  the  bone  acquires  it's 
greater  or  lefs  folidity ;  and,  although  the  principal  effe^ls 
during  offification  fire  produced  by  phofphat  of  lime,  it 
appears,  that  the  fulphat  or  carbonat  of  that  earth  is 
neceffary  ;  and,  according  to  Hatchett,  it  is  curious  to 
obferve,  that  as  the  carbonat  of  lime  exceeds  in  quantity 
the  phofphat  in  cruftaceous  marine  animals,  and  in  the 
cgfffliells  of  birds,  fo  in  bones  it  is  vice  verfa ;  and  he 
thinks,  that  when  many  accurate  comparative  analyfes  of 
bones  have  been  made,  fome  may  be  found  com- 
pofcd only  of  phofphat  of  lime ;   and  that  thus,  (hells. 
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containing  only  carbonat  of  lime^  and  bones  containing 
only  phofphat,  will  form  the  two  extremities  of  the  chain. 
Thus  the  hard  fubftances  are  by  no  means  paffive  in  the 
animal  ceconomy,  being  renewed  and  fubjcSl  to  difeafe, 
as  well  as  the  other  parts^  and  they  are  confidered  by 
Fourcroy  as  real  fecretory  organs,  the  office  of  which  is  to 
feparate  from  the  blood  the  peculiar  faline  fubftances,  and 
more  particularly  the  phofphat  of  lime,  of  which  they 
are  the  refervoir,  or  place  of  depofition. 

Hatchett,  in  a  fecond  paper  read  before  the  Royal  So-  Furtiier  ex- 
ciety,  in  London,  has  examined  the  fubftance  of  bones  ofHatcheit. 
that  remains  after  repeated  boiling,  or  having  been  fteep- 
ed  in  dilute  acids.  For  when  a, bone  or  piece  of  ivory 
has,  by  long  boiling  in  water,  been  deprived  of  a  great 
part  of  it's  gelatin,  and  is  afterward  fteeped  in  a  dilute 
acid,  the  offifying  fubftance,  as  already  obferved,  is  dif- 
folved,  and  the  cartilage  remains,  retaining  the  figure  of 
the  original  bone  ;  or  if  a  fimilar  bone  or  piece  of  ivory 
which  has  not  been  boiled,  is  fteeped  in  a  dilute  acid, 
(efpecially  nitric  acid)  the  oflifying  fubftance  is  diflblved; 
and  at  the  fame  time,  but  more  (lowly,  the  gelatin  is 
feparated,  and  caufes  the  liquor  to  become  yellow,  when 
the  phofphat  of  lime  is  precipitated  by  ammonia.  The 
cartilaginous  fubftance  that  remains  ai'ter  the  gelatin  has 
been  thits  feparated,  is  not eafily  foluble  in  dilute  acids,  for 
(accordins:  to  it's  texture)  many  weeks  and  even  months 
may  elapfe  before  a  fmall  part  is  taken  up  ;  but  in  con- 
centrated nitric  acid,  or  in  boiling  dilute  acid,  it  is  rea- 
dily diflblved.  This  fubftance,  when  dry,  is  femitranf- 
parent  like  horn,  and  more  or  lefs  brittle,  and  when 
•  fubjefted  to  experiment,  afforded  the  following  refults. 

1.  When  diftilled,  a  friiall  portion  of  water,  fome 
carbonat  of  ammonia,  a  fetid  empyreumatic  oil,  car- 
bonated hydrogen  gas,  and  pruflic  acid  were  obtained. 

2.  A  fpungy  coal,  of  a  gray  metallic  luftre,  icmained; 
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this,  by  Incineration,  afforded  a  very  fniall  refidunm, 
which  refiduum  (on  examining  the  fame  fubftancc  in 
different  bodies)  was  not  always  fimilar  in  quantity,  even 
in  portions  of  the  fame  fLd)fl:ance  ;  for  .500  grains  of  tor- 
toifeihell,  taken  from  different  famplcs,  afforded  from  one 
fourth  of  a  grain  to  three  grains  of  rcliduum,  which  con- 
fided of  phofphats  of  lime  and  foda ;  fometimes  alfo  a  little 
carbonat  of  linic  was  prefent,  but  he  does  not  confider 
fhefe  to  be  effential  ingredients. 

3.  When  boiled  many  days  in  c'iflilled  water,  the  fub- 
flance  was  foftened,  and  the  water  became  ffightly  turbid 
with  nitro-muriat  of  tin  ;  but  no  exffe6l  was  produced  by 
the  tanning  principle. 

4.  Muriatic  and  fulphuric  acids  had  little  effect  unlefs 
heated,  and  the  fame  was  the  cafe  with  nitric  acid,  much 
diluted,  (the  nitric  acid  he  employed  was  1,38,  and  this 
was  diluted  with  two,  three,  or  four  meafures  of  didillcd 
water)  or  in  a  ftate  proper  to  extradl:  and  feparate  gelatin  ; 
but  if  the  inuiierfion  in  the  dilute  acid  was  continued 
during  fome  weeks,  the  acid  gradually  acquired  a  yelldw 
tinge,  and  when  faturated  with  ammonia  became  of  at 
deeper  colour,  without  having  it's  tranfparency  diluted. 

5.  The  fubftance  which  had  thus  been  long  fteeped  in 
the  acid  was  much  foftened,  was  become  more  tranf- 
parent,  and  from,  being  horny,  was  now  more  like  a 
cartilaginous  fubftance  :  when  taken  out  of  the  acid,  if 
it  was  immediately  fi;eeped  in  pure  ammonia,  it  changed 
to  a  deep  orange  colour,  inclining  to  blood  red  ;  it  was 
gradually  and  (ilently  diffolved  without  any  refiduum, 
and  a  deep  orange  or  yellowifh  brown  coloured  liquor  was 
formed.  ^ 

'  6.  Or  when  taken  out  of  the  acid,  if  it  was  firft  well 
"(vaflied  in  diftilled  water  and  then  boiled,  it  was  alfo 
diffolved,  and  formed  a  pale  yellowidi  folution;  this, 
by  evaporation  and' cooling,-  became  a  jelly,  whish  was 
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.  Liain  foluble  in  boiling  water,  and  was  precipitated  like 
gelatin  by  the  tanning  principle,  and  more  (lowly  by 
nitro-muriat  of  tin. 

7.  If  the  nitric  acid  in  which  the  fubftance  was  im- 
nierfed  was  not  fufficiently  diluted,  or  if  heat  was  ap- 
plied, the  whole  was  rapidly  diflblved,  with  a  confidera- 
ble  cfTcrvefcence  and  difcharp*e  of  nitrous  ffas. 

8.  This  folution  was  yellow  like  the  former,  the  colour 
being  intenfe,  in  proportion  to  the  quantity  diflTolvcd  ; 
and  it  was  alfo  changed  to  a  deep  orange  or  yellowifh 
brown  by  the  addition  of  ammonia,  without  depofiting 
any  precipitate,  unkTs  a  large  quantity  had  been  dif- 
folved. 

9.  The  nitric  folutions  of  this  fubflance,  when  evapo- 
rated, afforded  much  the  fame  appearances  as  thofe  of 
gelatin,  but  the  coal  which  remained  was  lefs  fpungy. 

10.  This  fubftance  was  ftrongly  diftinguifhed  from 
gelatin  by  the  cffe6ls  produced,  when  broiled  with  cauftic 
fixed  alkali,  which  formed  with  it  an  animal  foap. 

11.  During  the  procefs,  a  confiderable  quantity  of 
ammonia  was  difcharged,  and  if  the  alkali  was  in  exccfs, 
fome  coal  was  depofited. 

12.  When  the  animal  foap  was  difTob'ed,  diluted  with 
diftilled  water,  and  filtrated,  if  an  acid  (fuch  as  the  ace- 
tous or  muriatic)  was  added,  a  copious  precipitate  was 
obtained,  which  was  redlifolved  bv  an  excefs  of  (^cid. 

13.  This  precipitate  being  collecied  upon  a  filter,  ap- 
peared at  firft  like  a  yellow  or  brownifii  vifcid  fubftance, 
which,  when  dry,  was  like  a  thick  coat  of  varnifh,  or 
dried  white  of  egg,  and"  in  like  manner  was  brittle,  and 
broke  with  a  glofiy  fra6liire. 

14.  It  burned  like  quill  or  tortoifefliell,  leaving  a 
fpongy  coal,  and  when  diftilled  afiorded  fimilar  produ(Sl?. 

15.  It  was  not  readily  foluble  in  dilute  acids,  and  \^as 
a6bed  upon  by  nitric  acid   and  ammonia,   like  the  fub- 
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ftance  from  which  it  was  obtained  ;   the  properties  alfo 
of  it's  folutions  in  nitric  acid  and  ammonia  were  (iniilar. 

16.  With  cauftic   lixivium  of  potafh^  it  readily  com- 
bined, and  again  formed  animal  foap. 

17.  It  was  not  quite  fo  infoluble  in  boiling  w^ater  as 
quill  or  tortoifeiliell,  and  the  water  in  which  it  had  been 
boiled  was  not  only  made  turbid  by  nitro-muriat  of  tin, 
but  yielded  a  precipitate  by  oak  bark  after  the  manner  of 
gelatin. 

Thefe  experiments  proved,  that   this  precipitate  was 

the  fame  as  the  original  fubftance  from  which  it  had  been 

obtained,  and  that   the  only  change  it   had  fuffered  was 

■  that  of  being  rendered  rather  more   foluble  in  boiling 

water. 

From  thefe  experiments  it  alfo  appears,  that  this  carti- 
laginous body  was  quite  diilin6l  from  gelatin  in  chemical 
properties,  and  having  compared  them  with  fome  experi- 
ments on  infpiflated  albumen,  (white  of  egg)  he  found 
they  correfponded  in  great  meafure. 

He  found  this  to.be  the  predominant  and  effential  part 
in  the  tiflTue  or  web  of  membrane,  cartilage,  fpongc, 
the  horny  ftems  of  gorgoniae,  born,  hair,  feather,  quill, 
hoof,  nail,  horny  fcale,  cruft  and  tortoifeihell,  varying 
in  the  colour  of  the  foaps  it  formed. 
Experi-  According  to  the  experiments  of  Mcrat-Guillot,  on  the 

Ml"lit-°^  comparative  proportions  of  the  component  parts  of  diffe- 
rent bones,  of  which  he  employed  100  parts,  exficcating 
the  produ6ls  as  much  as  poflible,   it  appears  that 

Gelatin.  Phofphat  Carbonat     Lofs. 
of  lime.       of  lime. 

Human  bones  taken  from  the 

church-yard  gave ........   1 6       67        1.5  15,5 

Common  dry  human  bones 

that  had  not  been  in   the 

eaith.. 23       63       2  2 
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Bones  of  the  ox 3       93       2  2 

Calf 25       51    traces        21 

Horfe     9       67.5     1.25       22.25 

Teeth  of  the  horfe 12       85,5    0.25         2.25 

Elephant  or  ivory  24       64        0.1         11.15 

Bones  of  the  flicep.    16       70        0.5        13.5 

Elk    1.5    90         1  7.5 

Stags  horn    27       67.5      1  14.5 

Bonesof  the  pig    17       52         I  30 

Hare      9       85         1  5 

Hen 6       72         1.5        20,5 

Egg  fhells      3  2       72  23 

Bonesof  the  pike  . 12       64  1       »    23 

Carp      6       45         0.5        48.5 

Viper    21.5    60.5      0.5         17.5 

Lobfterfhell     18        14      40  28 

Mother  of  pearl 2,5      0      65  31.5 

Crabs  eyes   2       12      60  26 

Red  coral      0.5      0       53.5  46. 

Jointed  coral ine   7.5     0      49  43.5 

Bone  of  the  cuttle  fiih     '"^^8         0      68  24 

White  coral     1.5      0      50  48.5 

With  refpe6l  to  the  gelatin  of  the  cuttle  fifh  bones, 
this  chemift  thinks  the  produ*Sl  is  not  entirely  compofed 
of  it,  but  that  there  is  a  portion  which  refembles  in  it's 
nature  that  which  forms  the  charpente  of  the  polypi, 
known  under  the  name  of  the  lithophytes. 

Defirous  of  knowing  whence  arofe  the  lofs,  he 
cxpofed  100  parts  of  crabs  eyes  to  a  ftrong  heat,  and 
they  loft  22  parts;  hcnqe  he  thinks  this  lofs  may  be  attri- 
buted to  the  water  in  the  gelatin ;  but  the  four  remaining 
parts  to  a  portion  of  gelatin  found  difTolved  in  the  liquid 
ufed  in  the  analyfis,  and  to  a  fmall  quantity  of  faline 
fubftance,  which  he  did  not  examine.  To  make  this 
analyfis  more  complete,  he  intends  to  add  to  it  that  of 
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the  bones  of  carnivorous  animals,  fkeletons  of  infects, 
&c. 
Difeafei  of  In  fome  difeafcs  of  the  bones,  particularly  in  rickets, 
it  is  well  known  that  there  is  a  want  of  the  phofphat  of 
lime,  on  which  account  the  bones  become  foft,  and 
cannot  fuflain  the  mufcular  action  5  this  happens  more 
particularly  in  infancy,  and  as  theferum  of  milk  is  found 
by  Fourcroy  and  Vauquelin  to  contain  this  earthy  fait,  a 
too  fm all  quantity  of  milk,  or  one  that  does  not  contain 
this  fait  in  fufficient  proportion,  may  produce  or  aflift  in 
producing  this  difeafc.  Experiments  have,  therefore, 
been  made  where  this  fait  is  deficient,  to  apply  it  to  the 
bones  as  a  medicine,  by  means  of  the  digellive  canals, 
which  has  been  fou^nd  to  fucceed.  Bonhomme  informs 
us,  that  on  giving  the  phofphat  of  lime  to  chickens,  he 
found  the  bones  acquired  a  greater  degree  of  folidity 
and  hardnefs,  and  their  epiphyfes  were  much  lefs  fenfible 
than  in  thofe  that  were  only  fed  in  the  ufual  way ;  and 
having  given  it  as  a  'medicine  to  patients  attacked  by 
rickets,  it  produced  the  mofh  beneficial  exFe6ls.  The 
dofe  to  an  infant  was  half  a  drachm  of  the  phofphats  of 
foda  and  lime  mixed  together,  to  be  taken  twice  a  day. 
It  may  be  ufeful  in  fraclure  where  there  is  difficulty  in 
the  formation  of  callus,  in  dentition,  &c.  This  che- 
rhofpbat  of  mill  likewife  informs  us,  on  the  fubje6l  of  the  phofphat 
mik,  aid  ^f  lime  in  milk,  deftined  for  nouriiliing  the  in'ant,  that 
'^'j^/'^^."-  the  nearer  the  milk  is  to  the  epoch  of  delivery,  the  more 
is  the  fcrofity  found  charged  with  this  Ailt;  on  the  con- 
trary, the  farther  it  is  diftant  from  birth,  the  more  it 
lofes  of  this  fubftance,  in  proportion,  whilft  the  other 
nutritive  parts  of  which  milk  is  compofed  increafe  in  an 
iuverfe  progreffion.  This  is  eafily  accounted  for,  if  it  be 
confidered  that  at  the  tmie  ofdeliverv  a  foftening  has 
been  made  in  all  the  joints  of  the  mother,  confequently 
A  rclax4Uon  in  the  cartilages  which  unite  them,  and  that 
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ihcfra^lures  of  bones  which  occur  at  this  time  are  (lower 
in  uniting  than  at  other  times.  It  is  bv  fuch  means  that 
the  humours  which  contribute  the  mod  to  the  forma- 
tion of  the  fcetusj  it's  increafe,  and  nutrition^  carry  in 
themfeh'es  the  elTential  balis  of  fohditv,  and  the  elements 
of  offification  ;  in  fliori,  it  is  only  when  the  offification  is 
well  pronounced,  and  the  digeftivc  organs  of  the  child 
are  fufficiently  ftrong  to  effeft  this  part  of  animalization, 
that  this  bails  difappears  in  the  maternal  milk.  On  con- 
lidering  thefe  fdSs,  we  fliall  he  obliged  to  acknowledge 
the  peculiar  direction  of  nature,  by  which  the  phofphat 
of  lime,  in  particular,  becomes  the  matter  of  a  neccffary 
fecretion,  contrived  for  the  ftrengthening  of  ti]e  organs, 
and  the  confolidation  of  the  firft  elements  of  the  animal. 
It  has  been  found,  that  the  living  bone  may  be  coloured,  rtlmring 
by  taking  into  the  fyftcm  a  colouring  fubftance.  This  is 
verified  with  refpc(9:  to  madder,  which  colours  the  bones 
red.  The  oldeft  author  that  mentions  this,  according:  to 
Beckmann,  is  Lemnins,  in  a  treatife,  /7> /k//r<3(r/Y//i  Or- 
cultls  Naturo',  in  1564.  He  was  a  phyfician  in  Zealand, 
where  madder-has  been  cultivated  from  the  earlieft  ages, 
and  where  he  had  an  opportunity  of  remarking  it.  He 
fays,  the  bones  of  animals  become  red  by  eating  it's 
leaves.  Mizaldus,  who  publidTed  a  book  at  Paris,  in 
1366,  has  taken  what  he  fays  of  it  from  Lemnius. 

In  1736,  John  Belchier,  an  Englifli  furgeon,  (Phil. 
Trans,  vol.  39,  p.  287.)  may  be  faid  to  have  difcovercd 
that  macMer,  on  being  taken  into  the  fyilem  along  with 
food,  colours  the  bones  of  a  red  colour.  What  led  to 
the  difcoverv,,  was  the  following.  Having  dined  with  a 
cotton  printer,  he  obfervcd  that  the  hemes  of  the  pork, 
which  were  brought  to  the  table,  were  red.  On  expref- 
fing  his  furprife  at  this  circumftance,  his  hoft  aOurcd 
him  that  the  rednefs  was  occafioncd  by  tlie  fwine  feeding 
on  the  water  mixed  with  bran,  in  which  the  cotton  cloth 
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bad  been  boiled,  and  which  was  coloured  by  the  madder 
ufcd  in  printing  it.  Bclchier,  to  whom  this  effeft  was 
new,  convinced  himfclf  by  experiment,  that  what  had 
been  told  liim  was  true  ;  that  the  red  colour  of  the  bones 
arofe  from  the  madder,  and  he  communicated  his  difco- 
very  to  the  Royal  Society.  This  Angularity  was  foon 
made  known,  and  other  experiments  were  tried.  It  was 
found,  that  befides  the  roots  of  madder,  thofe  of  the 
galium,  (yellow  ladies  bed  ftraw)  and  other  plants,  which 
have  an  affinity  to  madder,  produce  the  fame  efie<Sls.    , 

It. appears,  that  the  colouring  takes  place  foonefl  in 
young  animals,  and  is  ilrongcft  where  the  bones  are 
hardeft  and  thickeii:.  On  the  other  hand,  it  does  not 
reach  the  foft  parts,  and  in  general  is  not  perceptible  in 
the  animal  juices,  except  a  little  in  the  milk.  Saffron 
or  woad,  with  nianv  other  plants  ufed  in  dying,  have  no 
^ffec9:  in  colouring  thefe  hard  parts. 


HORN. 


HQin.  The  horny  parts  of  animals  are  produced  from   the 

forehead,  and  the  extremities ;  hence  they  comprife  not 
)  only   the   horns,  commonly   fo   called,  but  the   hoofs, 

nails,  talons,  and  claws ;  which  laft  might,  perhaps, 
afford  the  beft  generic  characters  of  horn.  Thefe  are 
more  or  lefs  dry  and  hard,  in  fome  degree  flexible,  very 
confiderably  fo  when  heated,  and  fo  cohefive  as  not  to 
be  capable  of  being  pulverized  in  a  mortar ;  they  may 
likewife  be  made  to  receive  impreffions  of  different  fir 
gures,  which  properties,  altogether,  are  fufficient  to 
diftinguifli  them  from  bone,  Some,  however,  approach 
nearer  to  the  laft  j  fuch  are  the  horns  of  the  ftag  kind^ 
and  feem  to  form  intermediate  fubftances  in  point  of 
h£^r4nefs  between  bqnc  m^  boru, 
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Neumann,  who  diftilled  a  great  variety  of  thefe  fub-  Neumann. 
fiances,  found  they  afforded  more  or  lefs  of  the  fame 
produ£ls  as  other  animal  matters  ;  he  fubje6led  to  this 
procefs  the  horns  of  the  rhinoceros,  ox,  whalebone,  hoof 
of  the  elk,  &c.  from  which  he  obtained  an  urinous 
fpirit,  an  empyreumatic  oil,  volatile  fait,  and  the  refjdue 
on  calcination  afforded  a  fixed  faline  matter. 

Geoffroy  obtained,  on  boiling  one  pound  of  hartfhorn  Ceoffroy. 
in  vi'ater,  four  ounces,  two  drachms,  and  fixty-three 
grains  of  dry  gelatin  ;  and  on  diftilling  one  ounce  of  this, 
he  got  two  drachms  of  volatile  alkali  in  a  cryflallized 
ftate  ;  and  three  drachms,  thirty  grains  of  yellow  volatile 
alkaline  fpirit,  with  a  little  dark-coloured  empyreumatic 
oil ;  there  remained  two  drachms  and  a  half  behind. 

Dehne  obtained  from  eleven  pounds  of  hartfhorn,  three  Dcj,ne^ 
pounds  of  fpirit  and  fome  oil,  and  the  reiidue  weighed 
fix  pounds  ;  and  Model  and  Gunther  foimd  in  the  vola- 
tile fpirit  an  ammoniacal  falt'»in  cubic  or  rhoraboidal 
cryftals,  the  acid  of  which,  Leonhardi  fuppofes,  was  the 
oxalic  or  the  benzoic. 

Macquer  informs  us,  that  horn  is  of  the  fame  nature  Macnuer. 
as  the  gelatinous  part  of  animals,  except  that  it  contains 
lefs  water  and  a  larger  proportion  of  earth  *,  but  that,  like 
bone,  it  may  in  Papin's  digefter  be  totally  converted 
into  a  gelatinous  mafs  ;  that  it  affords  by  diflillation  the 
common  products  of  animal  fubflances,  with  a  pretty 
large  quantity  of  coal  very  diflicult  to  incinerate  ;  it's 
afhes  contain  fcarcely  any  fixed  alkali.  The  animal  oil, 
efpecially  the  firfl  that  comes  over,  on  being  again  diflill- 
cd,  is  the  oleum  animale  Dippelii.  Of  this  the  largeft 
proportion  is  to  be  got  from  the  horns  of  the  hart  and 
chamois.  According  to  this  chemifi,  thcfe  two  fpecics 
contain  a  larger  proportion  of  the  earth  of  bones,  which 
diflinguiflies  them  from  the  horny  fubilances,  and  forms 
g  medium  bettveen  them  and  bones. 
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Schecie  and  Schccle  and  Rouelle  obtained  the  phofphoric  acid  from 
calcined  hartfhorn,  and  they  looked  upon  it  as  contain- 
ing more  of  this  acid  than  even  bones ;  and  Nicholas 
prefers  this  fubftancc  to  the  coal,  in  the  preparation  of 
this  acid.  Although  the  coal  of  hartfliorn  is  difficult  to 
incinerate,  it  undergoes  that  procefs  much  eafier  than 
other  horns,  and  nearly  equal  to  bones,  and  when  the 
coal  is  expofed  to  a  ftrong  continued  heat,  it  is  converted 
into  very  white  aflies,  ufed  in  medicine  by  the  name  of 
cornu  cervi  vjlum, 

Hatchett.  According  to  Hatchett,  if  horns  are  examined,  he 
thinks  very  few  will  be  found  to  contain  phofphat  of  lime 
in  fuch  proportion  as  to  be  confidered  an  effential  ingre- 
dient. He  does  not  mean  (lag  or  buck  horns,  for  thefe 
have  every  chemical  chara6ler  of  bone  with  fome  excefs 
of  cartilage ;  but  he  alludes  to  thofe  in  w'hich  the  fub- 
ftance  of  the  horn  is  diftin6lly  feparate  from  the  bone, 
and  which,  like  a  fheath,  covers  a  bony  protuberance, 
which  iilues  from  the  os  frontis  of  certain  animals. 
Horns  of  this  nature,  fuch  as  thofe  of  the  ox,  the  ram,  the 
goat,  and  the  chamois,  afifor^d  after  diftillation  and  inci- 
neration, fo  very  fmall  a  refiduum,  of  which  only  a  fmall 
part  is  phofphat  of  lime,  that  he  thinks  this  latter  can 
fcarcely  be  regarded  as  aneceffary  ingredient. 

From  fome  experiments  made  on  500  grains  of  the 
horn  of  the  ox,  he  obtained  after  along  continued  heat 
only  1,50  grains  of  refiduum;  and  of  this_,  lefs  than  half 
proved  to  be  phofphat  of  lime.  Seventy-?ight  grains  of 
the  horn  of  the  chamois  afforded  only  0,50  of  refiduum, 
of  which  lefs  than  half  was  phofphat  of  lime;  and  he 
thinks  that  fo  very  fmall  a  quantity  cannot  influence  the 
nature  of  the  fubftances  that  afforded  it.  The  fame  may 
be  faid  of  cartilage,  which  does  not  contain  the  offifying 
fubffance,  or  phofphat  of  lime,  as  a  conftitucnt  principle^ 
but  it  is  mixed  as  an  extraneous  matter ;  and  when  ab- 
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feiit,  both  cartilage  and  horn  are  mofl  perfe6l  and  com- 
plete. He  thinks  the  frequent  prefence  of  phofphat  of 
lime  in  cartilaginous  fubflances  is  not  a  proof  of  it's  beinp- 
one  of  their  eonftituent  principles  ;  but  only  that  it  has 
become  depofited  and  mixed  with  them^  in  proportion  to 
the  tendency  they  inrtv'  have  to  form  modifications  of 
bone,  or  according  to  their  vifcidity  with  fuch  mem- 
branes or  cartilages,  as  are  hable  to  fach  a  change.  •      • 

Hatchett  has  made  fome  experiments  upon  the  fcales  scaks. 
of  different  animals.  Lewenhoeck  had  examined  the 
y^-^/n- fii/y^y?,' by  means  of  a  microfcope;  and,  as  they  ap- 
pear to  be  formed  of  different  membranaceous  laminae,  and 
exhibit  the  colour  and  luftre  of  mother  of  pearl_,  it  might, 
as  Hatchett  obferves,  be  expelled,  that  they  fhould  prove 
to  be  of  a  limilar  nature  with  the  fubftancc  of  ft  ratified 
fhells,  or,  in  other  terms,  tbrt  they  fliould  confift  of 
membrane  and  carbonat  of  lime  :  but,  when  fcales,  pcr- 
fe6lly  clean,  and  leparated  from  the  fkin  of^  different 
flfli,  fuch  as  the  falmon  and  carp,  had  been  immerfed 
during  four  or  five  hours  in  diluted  nitric  acid,  till  they 
became  tranfparent  and  perfe6lly  m.embranaceous,  the  acid 
liquor  being  then  faturated  with  pure  ammonia,  afforded 
a  copious  precipitate,  which  was  proved  to  be  phofphat 
of  lime.  The  fpiculd:  of  the  (bark's  fkin  were  found  to 
be  ofafimilar  compofition,  from  which  he  infers,  that 
the  fpiculae  and  fcales  of  fif^i  may  be  confidered  as  true 
bony  fubftances,  in  which  the  membranaceous  parts  are 
more  predominant  than  in  common  bone. 

He  found,  that  phofphat  of  lime  was  afforded  by  the 
fubftances  only ;  for  when  the  different  fkins,  from  which 
the  fcales  and  fpiculce  had  been  taken,  were  feparately  ex- 
amined, no  phofphat  of  lime  was  obtained.  The  filver 
or  pearly  hue  of  fifh  fcales  is  only  affifled  and  modi- 
fied by  the  relative  degrees  of  opacity,  produced  by  the 
interpofition  of  the  phofphat  of  Hme^  as  the  hue  in  pearl 
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and  mother-of-pearl  is  by  carbonat  of  lime :  for  this 
peculiar  luftre  principally  refides  in  the  membranaceous 
part,  and  remains  with  it,  when  the  acetous  or  muriatic 
acid  is  employed  as  a  menftruum,  but  is  completely  de- 
llroyed  by  tlBc  nitrous  acid.  The  ^i7r«yyi/7/^j  of  ferpents, 
lizards,  and  fuch  like  animals,  differ  from  the  foregoing, 
as  they  confift  merely  of  the  membranaceous  or  horny 
fubflance,  in  a  more  or  lefs  indurated  ftatc,  and  appear  to 
be  devoid  of  phofphat  of  lime,  as  an  cffifyjng  matter. 
Horny  fcales  in  general,  and  the  fcales  of  the  manis  pen- 
tedaftyla  may  be  mentioned  as  an  example.  They  afford 
but  very  flight  traces  of  gelatin  after  being  boiled  in  dif- 
tilled  water,  and  this  fmall  portion  of  gelatin  can  only  be 
difcovered  by  the  tanning  principle  and  by  nitro-muriat 
of  tin,  unlefs  a  very  large  quantity  of  the  fcales  has  been 
employed.  The  hornlike  cruft,  which  covers  certain 
infers  and  other  animals,  were  examined  with  refpe61:  to 
the  gelatin  they  contained,  particularly  the  plates  which 
covered  the  body  of  a  large  African  fcorpion,  w^hich  were 
not  apparently  affefted,  although  digefted  for  a  long  time 
in  boiling  diftilled  water.  The  tanning  principle  pro- 
duced no  alteration,  when  added  to  the  water ;  but  a 
faint  white  cloud  appeared,  upon  the  addition  of  nitro- 
muriat  of  tin. 
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SHELLS. 

These  appear  to  be  of  a  much  lefs  compaft  texture  Shells. 
than  the  bony  and  horny  parts,  and  want  not  only  the 
hardnefs  of  one. but  the  flexibihty  of  the  other  ;  they  are 
much  more  brittle,  and  are  eafily  reduced  to  a  powder. 
They  may  be  divided  into  the  fliells  of  eggs  and  the  flielb 
of  animals. 


EGG   SHELLS, 


Although  all  eggs,  which  are  produced  by  birds,  ^f  ^^^^^ 
are  provided  with  a  fhell,  it  has  been  obferved,  that  very 
fat  hens  will  fome times  lay  them  deprived  of  this  hard 
covering  ;  but  the  reafon  of  this  exception  is  unknown. 
The  ilicll  is  compofed  of  gelatin,  phofphat,  and  carbonat 
of  lime ;  it  has,  however,  been  fuppofed,  that  the  phof- 
phoric  acid  arifes  from  the  gelatinous  matter,  and  is  not 
united  with  the  earth,  as  in  bones  ;  the  truth  of  which 
future  experience  is  to  determine.  Waflerberg  obferved 
that,  on  ufing  the  vitriolic  acid  as  a  menftruura,  there 
arofe  a  fmell  of  fulphur.     Vide  Fceces. 


SHELLS    OF   ANIMALS. 


Thefe,  like  the  fliells  of  different  eggs,  are   of  various  ^^  ai,i,^iji5. 
colours,  but  far  exceed  them   in  beauty  as  well   as  in 
utility.     Till  latelv,  however,  very  little  was  known  with  . 
refpe<^  to  their  component  parts. 
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Jfeiiraann.        According,  to  Neumann,  they  yield  Icfs  oily  and  faline 

matter  by  diftlllation  than  either  horn  or  bone  ;  he  has 

alfo  obferved,  that  fome  are  more  eafily  converted  into 

.    quicklime  by  fire  than  others,  whilft  a  few  fufler  no  such 

change. 

Hatchet's         For  the  bed  analvfis  of  fliells  we  are  indebted  to  Hat- 

expei  1-  / 

ments.        chett,  whofc  experiments  were  made  on  thofe  of  marine 
animals ;   and  the  menftrua,  precipitants,  and  mode  of 
operation  he  made  ufe  of,  were  the  following. 
Their  divi-       The  Ihells  he  examined'  he  divides  into  two  kinds,  from 
two  kinds,   the  fubftance  of  which  they  are  compofed.  The  lirilhave  a 
porcellaneous  arpe6l,with  an  enamelled  furface,  and,  when 
broken,  are  often  in  a  flight  degree  of  a  fibrous  texture. 
Thefe  porcellaneous  iliells  are  the  various  fpecies  ofvoluta, 
cypraea,   and  others   of  a  fimilar  nature.     The  fecond 
kind  have,  gent' rally,   if  not  always,  a  ftrong  epidermis, 
under  which  is  the  fhcll,  principally  or  entirely  compofed 
of  the  fubftance  called  ncjcre,  or  mother-of-pearl,  fuch  as 
the  oyfter,   the  river  mufcle,  the  haliot'is  iris,  and  the 
turbo  olearius, 

Thefe  were  immerfed  in  acetous  acid,  or  nitric  acid 
diluted,  according  to  circum (lances,  with  4,  5, 6,  or  more 
parts  of  diftilled  water;  and  the  folution  was  always 
made  without  heat. 

The  carbonat  of  lime  was  precipitated  by  carbonat 
of  ammonia,  or  of  potafli ;  and  phofphat  of  lime  (if 
prefent)  was  previoufly  precipitated  by  piure  or  cauftic 
ammonia. 

If  any  other  phofphat,  like  that  of  foda,  was  fufpe6led, 
it  was  difcovered  by  folution  of  acetite  of  lead. 
Tortoife-  500  grains  of  tortoife-fliell  yielded  80  grains  of  coal ; 
from  which  3  grains  of  earthy  matter  being  deducted, 
77  grains  remain  for  the  proportion  of  coal.  Thefe  three 
^  grains  confifted  of  phofphat  of  foda  and  lime,  with  fome 
traces  of  iron  5  but  Hatchett  thinks  it  probable  that  the 
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latter  was  accidentally  prefent.  Tortoife-fliell  appears  to 
be  formed  (as  far  as  organic  arrangement  is  concerned) 
in  the  way  of  ftratum  fupcr  ftratum,  and  this  ftru£ture  is 
particularly  to  be  difcovered  after  long  maceration  in  di- 
luted nitric  acid  ;  for  then  this  fhell  appears  to  be  com- 
pofed  like  the  black  pollflied  gorgonia,  of  membranaceous 
l:\min3e,  and  the  varieties  of  horn  differ  only  by  a  ten- 
dency to  the  fibrous  org^anization. 


PORCELLANEOUS    SHELLS. 

Shells  of  this  defcription,  when  expofed  to  a  red  heat  Porcei- 
in  a  crucible  for  about  a  quarter  of  an  hour^  crackled  ihcUs. 
and  loft  the  colours  of  their  enamelled  furface  5  they 
did  not  emit  any  apparent  fmoke^  nor  any  fmell,  like 
that  of  burned  horn  or  cartilage.  Their  figure  re- 
mained unchanged^  excepting  a  few  flaws,  and  they 
became  of  an  opake  white,  tinged  partially  with  pale 
gray,  but  retained  part  of  their  original  glofs. 

Frefh  fhells  (whether  entire  or  in  powder)  diffolved  with 
great  effervefcence  in  the  various  acids,  and  the  folution 
afterwards  remained  eolourlefs  and  tranfparent;  but  the 
burned  (hells,  on  being  diffolved,  depofited  a  very  fmall 
quantity  of  animal  coal ;  and  thereby  the  prefcnce  of  fome 
gluten  was  denoted,  although  the  proportion  was  too 
fmall  to  be  difcovered  in  the  folution  of  the  frefli  un- 
burned  fliells. 

The  various  folutlons  were  filtered  and  examined  by 
pure  ammonia  and  acetite  of  lead  ;  but  there  was  no  trace 
of  phofphat  of  lime,  nor  of  any  other  combination  of 
phofphoric  acid. 

The  carbonat  of  lime  >vas  afterwards  precipitated  by 
carb6nat  of  ammonia ;    and  from  many  expcrlinents  it 
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appeard,   that  porcellaneous  {hells   confift  of  carbonat 
of  lime,  cemented  by  a  very  fmall  portion  of  animal 
gluten. 
Patellae.  Previous  to  the  experiments  on  the  fecond  fort  of  {hells, 

this  chcmift  examined  fome  patellar  from  Madeira. 
Expofed  to  a  red  heat  in  a  crucible,  there  was  a  percep- 
tible fmell,  like  that  of  horn,  hair,  or  feathers.  The 
proportion  of  carbonic  matter,  depofited  by  the  fubfequent 
folution,  was  more  confiderable  than  that  of  the  porcel- 
laneous iliells,  and  the  proporiion  of  carbonat  of  lime,  re- 
lative to  their  weight,  was  lefs. 

When  the  recent  {liells  were  immerfed  in  very  dilute 
nitric  acid,  the  epidermis  was  feparated,  the  whole  of  the 
carbonat  of  lime  was  diflblved,  and  a  gelatinous  fub- 
{lance,  nearly  liquid,  remained ;  but  without  retain- 
ing the  figure  of  the  {hell,  and  without  any  fibrous  ap- 
pearance. 

Thefe  {liells,  therefore,  contain  a  larger  proportion  of  a 

more  vifcid  gelatinous  fubllance  than  the  porcellaneous, 

but  the  folution  feparated  from  this  gelatinous  fubftance 

afforded  nothino;  but  carbonat  of  lime. 

Pearly  Pearly  Jh elk ^     In  the  examination  of  the  {liells  com- 

Oyfter        pofed  of  nacre  or  mother-of-pearl,  he  found  that,  .on  ex- 

^^^'»  pofing  the  fhell  of  the  common  oyfter  to  a  red  heat,  the 

effe6ls  were  the  fame  as  thofe  obfervcd  in  the  patellae, 

and  the  folution  of  the  unburned  fhell  was  fimilar,   only 

the  gelatinous  part  was  rather  of  a  greater  confiftency. 

A  fpecies  of  river  mufcle  was  next  fubje6led  to  experi- 
ment. This,  when  burned  in  a  crucible,  emitted  much 
fmoke,  with  a  ftrong  fmell  of  burned  cartilage  or  horn  ; 
the  {liell  throughout  became  of  a  dark  gray  and  exfoli- 
ated. By  folution  in  the  acids,  a  large  quantity  of  car- 
bonic matter  was  feparated,  and  much  lefs  carbonat  of 
lime  was  obtained  from  a  given  weight  of  the  ftiell,  than 
from  thofe  already  mentioned. 


Mufcles. 
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On  Immerfing  an  unburned  (hell  in  dilute  nitric  acid, 
a  rapid  folution  and  eflfervefcence  at  firft  took  place,  but 
gradually  became  lefs;  fo  that  the  difengagemcnt  of  the 
carbonic  acid  gas  was  to  be  perceived  only  at  intervals. 
At  the  end  of  two  days,  nearly  the  whole  of  the  carbonat 
of  lime  was  diflblved,  but  a  feries  of  membranes  retain- 
ing the  figure  of  the  fhell  remained  ;  of  which  the  epi- 
dermis conftituted  the  firft.  In  the  beginning,  the  car- 
bonat of  lime  was  readily  diflblved,  becaufe  the  acid 
menftruum  had  an  eafy  accefs  ;  but  after  thi-,  it  had  more 
difficulty  to  infinuate  itfelf  between  the  different  mem- 
branes, and  of  courfe  the  folution  of  the  carbonat  of  lime 
was  flower.  During  the  folution,  the  carbonic  acid  gas 
was  entangled,  and  retained  in  many  places  between  the 
membranes,  fo  as  to  give  the  whole  a  cellular  appear- 
ance. 

7"he  haliotis  iris,  and  the  turbo  olearius,  refembled  Hailotis 
this  mufcle,  excepting   that  their  membranaceous  parts  |i,','i^,j^^;g3. 
were  more  compact  and  denfe.     Thefe  fhclls,  when  de-  '^"^^ 
prived  of  their  hardening  fubftance,  or  carbonat  of  lime, 
by  an  acid  menftruum,  appear  to   be  formed  of  various 
membranes,  applied  ftratum  upon  ftratum.     Each  mem- 
brane has  a  correfponding  coat,  or  cruft  of  carbonat  of 
lime ;  which  is   fo  fituated,  that  it   is   always  between 
every  two   membranes,  beginning  with   the  epidermis, 
and  ending  with  the  laft  formed  internal  membrane. 

The  animals  which  inhabit  thefe  ftratificd  fhells  in- 
creafe  their  habitation  by  the  addition  of  a  ftratum  of 
carbonat  of  lime,  fecurcd  by  a  new  membrane;  and  as 
every  addition;il  ftratum  exceeds  in  extent  that  which 
was  prcvioufly  formed,  the  ftiell  becomes  ftronger  in 
proportion  as  it  is  enlarged ;  and  the  growth  and  age  of 
the  animal  becomes  denoted,  by  the  number  of  the 
ftrata  which  concur  to  form  the  fhell. 

Although  the  haliotis  iris,  and  the  turbo  olearius,  are 
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compofed  of  the  true  mother  of  pearl,  this  chemift  was 
induced  to  repeat  the  foregoing  experiments,  on  fome  de- 
tached pieces  of  mother  of  pearl,  fuch  as   are  brought 
from  China,  and  the  refults  were  precifely  the  fame. 
Motii-rr  of        He,  howcver,  obferves,  that  the  membranaceous,  or 
^'"'^*         cartilaginous  parts  of  thefe  (hells,  as  well  as  of  the  pieces 
of  mother  of  pearl,  retained  the  exa6l  figure  of  the  fhell 
or  piece,  which  had  been  immerfed  in  the  acid  men- 
flruum  ;  and  thefe  membranaceous  parts  diftinftly  ap- 
peared to  be  compofed  of  fibres,  placed  in  a  parallel  di- 
rection,  correfponding  to  the  configuration  of  the  fhell. 
Pearls.  The  fame   experiments   were  made   on  pearls,  which 

proved  to  be  (imilar  in  compofition  to  the  mother  of 
pearl ;  and  fo  far  as  the  fize  would  enable  him  to  difcern, 
they  appeared  to  be  formed  by  concentric  coats  of  mem- 
brane, and  carbonat  of  lime  ;  by  this  fi:ru6lure,  they 
much  refemble  the  globular  calcareous  concretions,  form- 
ed at  Carlfbad,  and  other  places,  called  pifolithes. 

The  wavy  appearance,  arid  irridefcency  of  mother  of 
pearl,  and  of  pearl,  are  evidently  the  eflfefts  of  their  la- 
mellated  flruClure,  and  femitranfparency,  in  which,  in 
fome  degree,  they  are  refembled  by  the  lamellated  flone, 
called  adularia. 
Porcellane-  When  the  experiments  on  the  porcellaneous  ihells, 
pearljills  ^"^  ^^^  ^^^^^  formed  of  mother  of  pearl,  are  compared, 
compared,  it  appears,  that  the  porcellaneous  fliells  are  compofed  of 
carbonat  of  lime,  cemented  by  a  very  fmall  portion  of 
gluten ;  and  that  mother  of  pearl,  and  pearl,  do  not 
differ  from  thefe,  except  by  a  fmaller  proportion  of  car- 
bonat of  lime  j  which,  inftead  of  being  (imply  cemented 
by  animal  gluten,  is  intemiixed  with,  and  ferv^es  to  harden 
a  membranaceous  or  cartilaginous  fubftance ;  and  this 
fubftance,  even  when  deprived  of  the  carbonat  of  lime, 
flill  retains  the  figure  of  the  fliell. 

But  between  thefe  extremes,  there   will   probably  be 
found  many  gradations,  and  thefe  we  have  the  greater 


HARD   PARTS.  355 

rcafon  to  expG6l^  from  the  example  afforded  by  the  pa- 
tellee. 

Hatchett  having  ftated  the  difference  between  porcel-  Porceiiane- 

*  ,  .    *;  ous  fhell 

laneoiis  fliell  and  mother  of  pearly  thinks  it  is  notcompaied 
poffible  to  avoid  the  comparing  of  thefe  to  enamel  and  niliand" 
tooth.  ^^"''^• 

When  porcellaneous  fhell,  whole  or  in  powder,  is  ex- 
pofed  to  the  a6lion  of  acids,  it  is  completely  diffolved, 
without  leaving  any  refiduum  ;  and  enamel  is  alfo  com- 
pletely diflblved  in  the  like  manner. 

'  Porcellaneous  fhell  and  enamel,  when  burned,  emit 
little  or  no  fmoke,  nor  fcarcely  any  fmell  of  burned  horn 
or  cartilage.  Their  figure,  after  expofure  to  fire,  is  not 
materially  changed,  except  by  cracking  in  fome  parts  ; 
their  external  glofs  partly  remains,  and  their  colour  at 
mod  becomes  gray,  very  different  from  what  happens  to 
mother  of  pearl,  or  tooth/  In  their  fra<Slure,  they  have  a 
fibrous  texture;  and  in  ihort,  the  onljf  effential  differ- 
ence between  them  appears  to  be,  that  porcellaneous 
fhells  confift  only  of  carbonat  of  lime,  and  enamel  of 
phofphat  of  lime,  each  being  cemented  by  a  fmall  por- 
tion of  gluten. 

In  like  manner,    if  the  effefts  produced  by  fire  and 
acid  menftrua,  on  (hells  compofed  of  mother  of  pearl.  Mother  of 
and  on  the  fubftance  of  teeth  and  bone,  are  compared,  a  bone  and 
great  fimilarity  will  be  found  ;  for  when  expofed  to   a  ^°^^^' 
red  heat, 

ift.  They  fmoke  much,  and  emit  a  fmell  of  burned 
cartilage,  or  horn. 

2d.  Thev  become  of  a  dark  gray  or  black  colour. 

3d.  The  animal  coal  thus  formed  is  of  difficult  inci- 
neration. 

4th.  They  retain  much  of  their  original  figure  ;  but 
•the  membranaceous  (hells  are  fubjed  to  exfoliate. 

A  A  2 
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oih.  Thefe  fubftances  (pearl,  mother  of  pearl,  tooth, 
and  bone)  when  immerfed  in  certain  acids,  part  with 
their  hardening  or  oflifying  fubftances,  and  then  remain 
in  the  ftale  of  membrane  or  cartilage. 

6th.  When  previoufly  burned,  and  afterward  diflblved 
in  acids,  a  quantity  of  animal  coal  is  feparated,  accord- 
ing to  the  proportion  of  the  gelatinous,  membranaceous, 
or  cartilaginous  fubftance,  and  according  to  the  duration 
of  the  red  heat. 

And  laftly,  the  acid  folutions  of  thefe  fubftances,  by 
proper  precipitants,  afford  carbonat  of  lime  in  the  one 
cafe,  and  phofphat  principally  in  the  other,  in  a  propor- 
tion relative  to  the  membrane  or  cartilage,  with  which, 
or  on  which,  the  one  or  the  other  had  been  mixed,  or 
depofited. 

As  porcellaneous  ihcll  principally  differs  from  mother 
of  pearl,  only  by  a  relative  proportion  between  the  car- 
bonat of  lime,*  and  the  gluten,  or  membrane,  in  like 
manner,  the  enamel  appears  only  to  be  different  from 
tooth  or  bone,  by  being  deffitute  of  cartilage,  and  bv 
being  principally  formed  of  phofphat  of  lime,  cemented 
by  gluten. 

The  difference  in  the  latter  cafe  feems  to  explain  why 
the  bones  and  teeth  of  animals  fed  on  madder  became 
red ;  when  at  the  fame  time,  the  like  colour  is  not  com- 
municated to  the  enamel ;  for  it  appears  probable,  that 
the  cartilages  which  form  the  original  ftru6lure  of  the 
teeth  and  bones,  become  the  channels  by  which  the 
tingeing  principle  is  communicated  and  diffufed.  Thefe 
comparative  experiments  prove,  that  there  is  a  great 
approximation  in  the  nature  of  porcellaneous  ihell  and 
the  enamel  of  teeth,  and  alfo  in  that  of  mother  of  pearl 
and  bone  ;  and  if  a  fliell  fhould  be  found  compofed  of 
mother  of  pearl,  coated  by  the  porcellaneous  fubftance, 
it  will  refemble  a  tooth  coated  by  the  enamel,  with  the 
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clifTerence  of  carbonat  being  fiibftituted  for  the  phofphat 
of  lime. 

Some  few  experiments  were  made  on  certain  land  (hells ;  Snali  fhdis, 
and  in  that  of  the  common  garden  fnail  this  chemift 
thought  he  difcovered  fome  traces  of  phofphat  of  lime, 
but  as  he  found  none  in  the  helix  ncmoralis,  it  may  be 
doubted  whether  the  prefence  of  the  phofphat  of  lime 
iliould  be  confidered  as  a  chemical  character  of  land 
fliells. 

Experiments  on  the  fubftance,  called  the  bone  of  the  Bone  of  the 
cuttle  fifli,  proves,  that  it  is  cxa<Slly  fimilar  to  (hell  in '^^ 
compofition,  and   confifts   of  various  membranes,  har- 
dened by  carbonat  of  lime,  without  the  fmalleft  mixture 
of  phofphat ;  and  of  courfe  is  improperly  called  a  bone. 


CRUSTACEeUS    PARTS.  Cruftacc- 

oujt  parts. 

Hatchett  not  being  acquainted  with  any  experi- 
ments, by  which  the  chemical  nature  of  the  fubftance 
which  covers  the  different  cruftaceous  marine  animals, 
as  the  echini,  ftar  fifli,  crabs,  lobfters,  &c.  had  been 
determined,  was  defirous  to  afcertain  in  what  refpe6l  it 
differed  from  (hell  ;  and  he  began  his  experiments  on 
three  fpecies  of  echinus.  He  was  the  more  inclined  to 
begin  with  the  echini,  becaufe  naluralifts  do  not  ap- 
pear to  be  perfe<Stly  agreed,  whether  to  call  them  tefta- 
ceous  or  cruftaceous  animals  ;  for  Klein,  who  has  writ- 
ten a  book  upon  them,  regards  them  as  belonging  to 
the  firft  tribe  ;  whilft  Linnaeus,  on  the  contrary,  looked 
upon  them  as  of  the  fecond.  Now,  as  the  experiments 
above  related  had  proved  that  the  ftiells  of  marine  ani- 
mals were  compofed  of  carbonat  of  lime,  without  any 
phofphat,  this  chemift  thought  it  very  poflible^  that 
A  A  3 
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the  covering  of  the  cruftaceous  animals  might,  in  fome 
refpe^l,  be  different ;  and  if  fo,  he  might  be  enabled,  by 
chemical  characters,  to  afcertain  the  clafs  to  which  the 
echinus  was  to  be  referred. 
Echini.  Of  the  three  echini  examined,  onp  had  fmall  fpines  ; 

the  fecond  had  large  obtufe  fpines,  and  the  third  was  of  a 
very  flat  form. 

Portions  of  thefe  echini  were  feparately  immerfed  in 
acetous,  muriatic,  and  diluted  nitric  acid,  by  each  of 
which  they  were  completely  diflblved,  with  much  cffer- 
yefcence,  depofiting  at  the  fame  time  a  thin  outer  (kin  * 
or  epidermis.  The  tranfparency  of  the  folutions  was 
alfo  dillurbed  by  a  portion  of  gluten,  which  remained 
fufpended,  and  communicated  a  brownifh  colour  to  the 
liquors. 

The  folutions  in  acetous  and  diluted  nitric  acids  were 
filtered;  after  which,  from  the  acetous  folution  of  each 
echinus,  a  precipitate  of  pbofphat  of  lead  was  obtained, 
by  the  addition  of  acetite  of  lead ;  and  having  thus  prov- 
ed the  prefence  of  phofphoric  acid,  the  nitric  folutions 
were  faturated  with  pure  ammoriia,  by  which  a  quantity 
Qf  phofphat  of  lime  was  obtained,  much  inferior,  how- 
ever, in  quantity  to  the  carbonat  of  lime,  which  was 
afterward  precipitated  by  carbonat  of  ammonia. 

The  compofition  of  the  crufl:  of  the  echinus  is  there- 
fore different  from  that  of  marine  fhells,  and  by  the  re- 
lative proportions  and  nature  of  the  ingredients,  it  ap- 
proaches moft  nearly  to  the  (hells  of  the  eggs  of  birds  ; 
which,  in  like  manner,  confifl  of  carbonat^  with  a  fmall 
proportion  of  phofphat  of  lime,  cemcnted-by  gluten. 
.^fterias.  I^  remained  now  to  examine  the  compofition  of  thofe 

fubilances,  which  are  decidedly  called  cru(la«eous;  but 
previous  to  this,  fome  experiments  were  made  on  the 
afteriaSj  or  flar^fli,  and  that  fpecies  was  ufed  which  is 
cqmnionly   found  pn  our  coafts,  known  by  the  com-i 
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mon  name  of  five  fingers,   or  the  afterlas    rubens  of 
Linnaeus. 

When  the  afierias  was  immerfed  in  the  acids,  a  confi- 
derable  effervefcence  was  produced,  and  a  thin  external 
ilratum  was  diflTolved  ;  after  which,  it  remained  in  a  per- 
fe(Slly  coriaceous  flate,  and  complete,  in  refpe6l  to  the 
original  figure.  The  diflTolved  portion,  being  examined 
by  the  ufual  precipitants,  proved  to  be  carbonat  of  lime, 
without  any  mixture  of  phofphat ;  but  in  another  fpecies 
of  the  afterias,  with  twelve  rays,  or  the  afterias  pappofa 
of  Lin.  a  fmall  quantity  of  phofphat  of  lime  was  difcover- 
ed.  This  chemift  was  therefore  induced  to  fufpeft,  that 
in  the  different  fpecies  of  afterias,  nature  makes  an  im- 
perfect attempt  to  form  fliell  on  fome,  and  a  cruftaceous 
coating  on  others  ;  and  that  a  feries  of  gradations  is  thus 
formed  between  the  teftaceous,  the  cruftaceous,  and  the 
coriaceous  marine  animals. 

It  was  now  requifite  to  afcertain,  whether  phofphat  of  Grab,  lobv 
lime  were  a  component  part  of  the  fubftance  which  covers  ^^Jdc!iZ"' 
the   cruftaceous,  marine,  or  aquatic  animals ;  fuch  as  ^*' 
the  crab,  lobfter,  prawn,  and  crayfifti. 

Pieces  of  this  fubftance,  taken  from  various  parts  of 
thofe  animals,  were  at  different  times  immerfed  in  ace- 
tous, and  in  diluted  nitric  acid ;  thofe  which  had  been 
placed  in  the  diluted  nitric  acid  produced  a  moderate 
effervefcence,  and  in  a  fhort  time  were  found  to  be  foft 
and  elaftic,  of  a  yellowifli  white  colour,  and  like  a  carti- 
lao^e  which  retained  the  orio^inal  figure.    The  fame  effe^ls 

D  DO 

were  produced  by  acetous  acid,  but  in  a  lefs  degree  3  in 
the  latter  cafe  alfo,  the  colouring  matter  remained,  and 
was  foluble  in  alcohol. 

All  the  folutions,  both  acetous  and  nitric,  afforded 
carbonat  and  phofphat  of  lime,  although  the  former  was 
ia  the  largeft  proportion. 

A  A  4 
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There  is  rcafon  to  affirm,  therefore,  that  phofphat  of 
lime,  mingled  with  the  carbonat,  is  a  chemical  charac- 
Cniftace-    tcridic,    which   diftinguiflies   the   cruftaceous  from   the 
pared '^^th    teftaceousfubftaiices,  and  that  the  principal  difference  in  the 
teitaaous     q^ij^iities  of  each,  when  complete,  is  caufed  by  the  propor- 
tion of  the  hardening  fubftance,  relative  to  the  gluten,  by 
which  they  are  cemented ;  or  by  the  abundance  and  con- 
fiftencyofthe  gelatinous,  membranous,  or  cartilaginous 
fubftance,    in  and  on  which,  the  carbonat  or  the  mix- 
ture of  carbonat  and  phofphat  of  lime,  has  been  fecreted 
and  depofited.     Moreover,  as  the  prefence  of  phofphat  of 
lime,  mingled  with  carbonat,  appears  to  be  a  chemical 
character  of  cruftaceuus  marine  animals  ;  there   is  every 
reafon  to  conclude,  that  Linnaeus  did  right  not  to  place 
the  echini  among  the  teftaceous  ones. 

The  prefence  of  phofphat  of  lime,  'm  the  fubftance 
which  covers  the  cruftaceous  marine  animals,  appears  to 
denote  an  approximation  to  the  nature  of  bone  ;  which 
not  only  by  the  experiments  of  Gahn,  but  by  the  united 
teftimony  of  all  chcmifts,  has  been  proved  principally  to 
coniift  (as  far  as  the  oflifying  fubftance  is  concerned)  of 
phofphat  of  lime. 
Concli'on.  By  the  experiments  on  various  fliells,  cruftaceous  fub- 
ftances,  and  bones,  it  is  therefore  proved  according  to 
Hatch  ett, 

1.  That  the  porcellaneous  fhells  refemble  the  enamel 
of  tt-eth  in  the  mode  of  formation,  but  that  the  harden- 
incr  fubftance  is  carbonat  or  lime. 

2.  That  fliclls  compofed  of  nacre,  or  mother  of  pearl, 
or  approaching  to  the  nature  of  that  fubftance,  and  alfo 
pearls,  refemble  bone  in  a  confiderable  degree,  as  they 
confift  of  a  gelatinous,  cartilaginous,  or  membranaceous 
fubftance,  forming  a  feries  of  gradations,  from  a  tender 
and  fcarcely  perceptible  jelly,  to  membranes  completely 
organized,     in   and   upon  which,  carbonat  of   lime  is 
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fecreted  and  depofited  after  the  manner  that  phofphat  of 
lime  is  in  the  bones  ;  and  therefore  as  the  porcellaneous 
fhells  refemble  the  enamel  of  teeth_,  fo  the  (hells  formed 
of  mother -of  pearl,  &c.  in  like  manner,  refemble  bone; 
the  diflinguifhing  chemical  chara6ler  of  the  fliells  being, 
carbonat  of  lime,  and  that  of  enamel  and  bones  being 
phofphat  of  lime. 

3.  That  the  cruft  which  covers  certain  marine  ani- 
mals, fuch  as  crabs,  lobfters,  crayfifh,  and  prawns,  con- 
lifts  of  a  ftrong  cartilage,  hardened  by  a  mixture  of  car- 
bonat and  phofphat  of  lime  ;  and  that  thus  thefe  crufta- 
ceous  bodies  occupy  a  middle  place  between  fhell  and 
bone,  although  they  incline  principally  to  the  nature  of 
flfell. 

4.  And  laftly,  that  a  certain  proportion  of  carbonat  of 
lime  enters  the  compofition  of  bones  in  general ;  the 
proportion  of  it,  however,  being  to  the  phofphat  of  lime, 
vice  verfa^  to  that  obferved  in  the  cruftaceous  marine  fub- 
flances.  Upon  the  view,  therefore,  of  thefe  fa6ls,  it  is 
evident,  that  there  is  a  great  fimilarity  in  the  conftru6iion 
of  fhell  and  bone,  and  that  there  is  even  an  approxima- 
tion in  the  nature  of  their  compofition,  by  the  interme- 
diate cruftaceous  fubftances. 
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Zoophytes.  ZOOPHYTES. 

ThjS  component  parts  of  the  zoophytes  were  but 
Exairined  littlu  knowH  bcforc  thc  experiments  of  Hatchett.  Bouvier 
and  Du-'*^'^  had,  however,  made  an  analyfis  of  the  coroUina  officinalis-, 
^'^^^'        and  Durande  had  fomewhat  inveftigated  coroUina  fubpin^ 

nata.     The  firft  found,   that   1000  grains  of  the  c,  offic, 

were  compofcd  of, 

1 .  Muriat  of  foda 10 

2.  Gelatin     QQ 

3.  Albumen 64 

4.  Sulphat  of  lime    19 

5.  Silex 7 

6.  Iron 2 

7.  Phofphat  of  lime 3 

8.  Magnefia 23 

9.  Lime 420 

10.  Carbonat  of  lime     ....   196 

1 1. magnefia  . .     51 

12.  Water 141 


1002 


The  latter  procured,  on  diftillation  of  the  c.  fubpin., 
volatile  ale.   with    phlegm,  and  an  oil,  and  found   the 
earth  to  be  calcareous;  he  looks  upon  it  as  a  plant  im- 
pregnated with  i  large  quantity  of  calcareous  earth  and 
animal  matter, 
preiimmary      Hatcliett,  in  his  experiments  upon  the  different  genera 
onshy  Hat- of  zoophytes,  adopted  a  fimilar  mode  to  that  which  he 
cncu.  employed  in  his  experiments,  before  mentioned  in  this 

article.     He  obferves^  however,  that  as  argill  is  not  wxi- 
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frequently  lodged,  as  an  extraneous  fubftance  in  the  in- 
terftices  of  many  of  the  madrepore.^,  and  fuch  like  bodies  ; 
and  as  argill  is  precipitated  by  pure  ammonia,  it  was  ne- 
ceflary^  not  to  rely  merely  on  the  ammonia,  as  a  teft  of 
phofphat  of  lime.  Wherever,  therefore,  any  precipitate 
was  produced  by  ammonia,  it  was  diilblved  again  in 
acetous  acid,  ai.d  this  folution  was  examined  by  the  ad- 
dition of  acetite  of  lead. 

It  appears  that  the  minutiae  of  analyfis  in  the  experi- 
ment did  not  form  part  of  his  plan,    which  was  only  to 
fketch  an  outline,  comprehending  the  moft  prominent 
chemical  charafteriftics  of  certain  bodies  belonging  to  the 
animal  kingdom,  which  hitherto  had  been  but  little  or  not 
at  all  examined ;   fo  that  this  outline,  although  defective, 
might  ferve  as  a  chain  of  conne^lio©,  and  as  a  bafis,  upon 
which  a  more  perfeft  fup^rftrufture  may  in  future  be  gra- 
dually raifed ;  and  it  appeared  to  him,  th.at  this  would  be 
moft  fpeedily  and  eafily  executed  by  following  a  fyftem- 
atic  and  comparative  plan.     For  this  rcafon  a  great  part 
of  his  attention  was  dire6led  towards  afcertaining,  in  thefe 
animal  fubftances,  the  prefcnce  and  general  proportions 
of  carbonat  and  phofphat  of  lime  ;  thefe  being  the  mate- 
rials eflentially  employed  by  nature  to  communic;ite  rigi-. 
^  dity^and  hardnefs  to  certain  parts  of  animals,  fuch  as  flicll 
and  bone ;  and  although  fome  other  fubftances,  as  mag- 
nefia,    filex,   iron,  and  fome  alkaline  and  neutral   falts, 
might  be  occafionally  prefcnt  in  fmall  proportions,   (and 
indeed  were  at  times  detedted)  yet,  as  they  appear  to  have 
but  little  influence  on  the  general  chara6lera  0-f  the  bodies 
which  were  examined,  he  did  not  think  proper  to  take 
particular  notice  of  them.     The  next  obje6l  was,  to  ex^ 
amine  the  nature  cf  the  fubftance  in  and  upon  which  the 
hardening  or  olfifying  principles  were  fecrcted  and  depo- 
fited  ;  and  it  appeared  to  him  the  beft  mode  of  perform- 
ing it  was  to  compare  and  exairiine  this  fubftance  in  the 
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various  dates  in  which  it  appeared,  when  deprived  of  the 
hardening  or  oflifying  matter. 

From  what  Hatchett  has  faid  on  (liell  and  bone,  con- 
cerning the  fubltmce  which  remained  after  the  car- 
bonat  of  lime  in  fliells,  and  after  the  phofphat  of  lime  in 
bones,  liad  been  diflblved  and  feparated  by  weak  acids,  it 
is  evident,  that  the  fubftance  which  thus  remains  is  as 
various  in  relative  quantity,  as  it  is  in  thofe  qualities  which 
apparently  are  produced  by  the  degrees  of  natural  infpif- 
fation,  and  by  the  progreffive  eflfedt  of  organization.  In 
the  porcellaneous  fliells,  fuch  as  cyprea:,  Sec.  this  fubftance 
he  proved  to  be  much  lefs  in  quantity  than  in  thofe  which 
were  afterwards  mentioned,  and  although  of  a  quality 
which,  (like  a  cement  or  gluten)  feemed  to  bind  and  con- 
iie6t  the  particles  of  carbonat  of  lime  firmly  together,  fo 
fmall  was  the  degree  of  natural  infpifTation,  and  fo  little 
advanced  was  the  degree  of  organization,  that,  when  the 
carbonat  of  lime  was  diifolved,  even  by  very  feeble  acids, 
little  or  no  veftige  of  jelly,  membrane,  or  cartilage,  could 
be  perceived  ;  nor  indeed  could  any  be  dete6led,  but  by 
the  fmall  portion  of  animal  coal  which  was  formed,  when 
thefe  iliells  had  been  expofed  for  a  fhort  time  to  a  low  red 
heat. 

But  proceeding  from  (hells  of  this  defcription  to  others 
tending  to  the  nature  of  nacre  or  mother-of-pearl,  (fuch 
as  fome  of  the  patella)  a  fubftance  was  left  untouched  by  the 
acidsy  which  had  the  appearance  of  a  yellowifh  tranfpa- 
rent  jelly ;  fo  that  the  fubftance,  which  ferved  merely  as  a 
gluten  in  the  porcellaneous  fhells,  was  not  only  more 
abundant  in  the  patella,  but,  being  more  infpilFated,  was 
become  immediately  vifible  and  palpable. 

In  the  common  oyfter,  the  qualities  were  more  ftrongly 
marked  ;  and  in  the  river  mufcle,  and  in  the  fliells  com- 
pofed  of  the  true  nacre  or  mother-of-pearl,  this  fubftance 
was  found  uot  only  to  conftitute  a  large  part  of  the  ftiell, 
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but  even  to  be  more  denfe,  fo  as  no  longer  to  appear  ge- 
latinous ;  and,  in  addition  to  thefe,  ftrong  and  vifible 
marks  of  organization  were  ftamped  on  every  part,  and  a 
perfe6l  membranaceous  part  remained,  compofed  of  fibres 
arranged  parallel  to  eacb  other,  according  to  the  configu- 
ration of  the  {hells. 

From  the  fa6ls  proved  by  the  examination  of  onlv  a 
very  few  (comparatively  fpeaking)  of  the  known  fliells, 
it  appears,  that  the  hardening  principle  or  carbonat  of 
lime,  together  wilh  a  fubftance  varying  from  a  very  at- 
tenuated gluten  to  a  tough  jelly,  and  from  this  to  a  per- 
icB.\y  organized  membrane,  concur  to  form  the  matter 
of  ihell  ;  and  from  the  refult  of  the  experiments,  and 
from  all  clrcumfiances,  there  is  every  reafon  to  believe, 
that  the  fubftance  with  which,  or  upon  which,  the  car- 
bonat of  lime  is  mixed  or  depofited,  is  of  a  fimilar  nature, 
and  differs  only  in  relative  quantity  or  denfity,  arifing 
from  progrefldvc  changes  (peculiar  to  the  various  fpecies 
of  (hells)  produced  by  certain  degrees  of  natural  infpifla- 
tion,  and  by  an  organization  more  or  lefs  perfed. 

The  experiments  made  on  teeth  and  on  the  bones  of 
various  animals,  elucidated  and  confirmed  the  obfcr- 
vations  made  on  the  nature  of  ihell ;  for, 

1 .  The  enamel  of  teeth  (in  relation  to  the  other  bony 
fiibftances)  was  proved  to  be,  as  the  porcellaneous  {hells 
are  to  thofe  formed  of  mother-of-pearl;  the  cementing 
fubftance  of  enamel  being  a  gluten,  in  the  fame  ftate  and 
apparently  of  a  fimilar  nature  with  that  of  the  porcel- 
laneous (hells.     And, 

2.  In  certain  bones,  particularly  thofe  of  fi(h,  (fuch  as 
fome  of  the  bones  of  the  (kate)  the  fubftance,  which  re- 
mained after  the  folution  of  the  phofphat  of  lime,  was  of  a 
gelatinous  confiftency,  and  exhibited  but  very  imperfe<5l 
traces  of  organization  ;  by  the  others,  however,  a  com- 


^66  HAKD   PARTS. 

pletely  formed  membrane,  or  cartilage,  was  left,  retaining 
the  figure  of  the  original  bone. 

When,  therefore,  the  component  parts  of  (hell  and  bone 
are  confidered,  it  appears,  that  the  effential  chara6teriftics 
are,  carbonat  of  lime  for  the  one,  and  phofphat  of  lime 
for  the  other ;  and  that  their  bafes  coniift  of  the  modifi- 
cations of  a  glutinous,  gelatinous,  or  membranaceous  fub- 
ftance.  The  term  jelly  Hatchett  only  employs  to  denote 
the  degree  of  confiftency  of  this  fubftance,  which,  in 
it's  nature,  is  very  different  from  the  varieties  of  animal 
jelly  called  gelatin. 

Having  traced  the  progreflive  and  cQnne«Sled  changes 
in  the  compofition  of  the  various  fhells  and  bones,  Hat- 
chett found  his  obfervations  on  thofe  bodies  corroborated, 
and  the  chain  of  connection  extended,  by  the  develope- 
ment  of  the  fa6ls  refulting  from  his  experiments  on 
zoophytes;  and,  having  made  the  preliminary  obfer- 
vations, it  will  be  now  proper  to  take  a  view  of  thefe 
experiments,  and  to  examine  how  far  they  tend  to 
prove,  that  the  fubflances  are  all  of  a  nature  clofely 
connefted. 
His  experi-  The  madrepora  Virginia,  when  immerfed  in  very  dilute 
memson     citric  acid,  effervefced  much,  and  was  foon  diffolved. 

madrepores.  ^  ^ 

The  folution  was  perfedlly  tranfparent  and  colourlefs,  with 
but  a  fmall  appearance  of  gelatinous  or  membranaceous 
particles.  Pare  ammonia  was  then  added,  but  produced 
no  change,  and  the  whole  of  what  had  been  diffolved, 
was  afterwards  completely  precipitated  l?y  carbonat  of 
;fimmonia,  and  proved  to  be  carbonat  of  lime.  The  jnuri- 
cata  and  the  labyrinthica  afforded  loofe  portions  of  a  tranf- 
parent gelatinous  fubflance.  M,  ramea  and  w.  fafcicu' 
laris,  when  deprived  of  ihe  carbonat  of  lime  by  acids, 
remained  in  the  flate  of  completely  organized  and  mem- 
branaceous bodies,  which  exhibited  the  original  figure  of 
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the  refpcdlive  madrepores  ,  and  the  proportion  of  coal,  af- 
forded by  them,  was  more  abundant  than  what  was  ob- 
tained frorn  the  firft  mentioned. 

Mlllepora  ceruka.      This  produced  much  efFervefcence  Milkporc^. 
in  very  dilute  nitric  acid.     The  blue  colour  difappeared 
as  the  calcareous  part  was  diflblved,   and  was  not  after- 
wards reftored  by  ammonia.     It  afforded  loofe  detached 
portions  of  a  gelatinous  fubftance. 

M,  alcicornis  yielded  the  fame,  but  in  a  more  coherent 
ftate ;  but  it  did  not  retain  the  figure  of  the  millepore. 
M,  polymorpha  remained  unchanged  in  fliape,  and  con- 
iifted  of  a  ftrong,  white,  opake  membrane,  filled  with  a 
tranfparent  jelly.  Ammonia  produced  a  very  (light  pre- 
cipitate from  the  folution  in  nitric  acid,  which,  beino- 
diflolved  in  acetous  acid,  was  proved  to  be  phofphat  of 
lime,  by  folution  of  acetite  of  lead.  Carbonat  of  foda  af- 
terward precipitated  a  large  quantity  of  carbonat  of  lime. 
Laflly,  m,  celklofa,  ?n.  fafcialisy  and  7n,  truncata  afforded 
membranaceous  bodies  in  a  complete  ftate  of  organization. 
and  all  the  madrepores  and  millepores,  when  expofed  to  a 
low  red  heat  in  a  crucible,  emitted  fmoke,  with  theTmell 
of  burned  horn  or  feathers,  became  tinged  of  a  pale  or 
deep  gray  colour,  and,  when  diffolved  in  acids,  depofited 
more  or  lefs  animal  coal,  in  proportion  to  the  quantity  of 
the  gelatinous  or  membranaceous  fubftance  dete61:ed  by 
the  above  experiment. 

The  univerfal  and  only  hardening  principle  of  thefe 
madrepores  and  milhpores  was  proved  to  be  carbonat  of  lime, 
with  ih^^iu^t  tJict'^iionoi  m'tllepor a  polymorpha,  which  alfo 
appears  to  be  diflerently  con{lru(Sled  from  the  other  mille- 
pores  ;  with  this  fingle  exception,  carbonat  of  lime  feems 
to  be  the  only  hardening  fubfiance  in  thefe  bodies,  and, 
when  every  circumftance  is  confidered,  an  cxa£l:  fimi^ 
larity  is  to  be  found  between  the  fubftance  forming  the 
various  ihells,   and  that  which  forms  the  ?nadrepora  and 
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m'dlepsra ;  and  the  nature  of  thefe  bodies  is  fo  completely 
the  fame,  that  the  changes  or  gradations  of  the  one  are  to 
be  found  in  the  other.  For  the  chemical  charaiSlers  which 
diftingiiifli  the  porcellaneous  (liells  are  in  a  great  meafure 
approached  by  thofe  of  madrepora  Virginia,  and  thofe  which 
are  noticed  in  the  patella  correfpond  precifcly  with  the 
madrepores  and  millepores,  which  afford  a  gelatinous  fub- 
llance  ',  and,  laftly,  the  charafters  of  the  membranaceous 
part,  exhibited  by  the  {hells  formed  of  nacre  or  mother-of- 
pearl,  are  in  like  manner  to  be  found  among  fome  of  the 
madrepores  and  millepores;  fuch  as  madrepora  ramea,  millc^ 
porafafcialis,  in*  truncata  \  for  thefe,  like  the  turho  olearim 
and  haliot'is  iris,  are  compofed  of  a  fibrous  membrane, 
hardened  by  carbonat  of  lime. 

It  appears  therefore,  that  the  madrepores  and  millcpores, 
like  the  various  fhells,  are  formed  of  a  gelatinous  or 
membranaceous  fubilancc,  hardened  by  carbonat  of  lime, 
and  the  only  difference  is  in  the  mode  according  to  which 
the  materials  have  been  employed. 

Tubipar».  Of  the  tubiporse  he  had  only  an  opportunity  of  exa- 
mining the  tuhipora  mufica.  Like  the  former  fubftances, 
it  was  immcvfcd  in  an  acid,  and,  on  this  occafion,  he 
employed  the  acetous  acid.  A  great  effcrvefcence  was 
produced,  and  the  red  colour  was  deftroyed  ;  in  proportion 
as  the  calcareous  part  w^as  diflfolved,  fome  loofe  particles 
of  a  tender  membrane  floated  in  the  liquor.  Pure  ammo- 
nia produced  a  precipitate  of  argill,  accidentally  lodged 
in  the  interfticcs  of  the  tubipore.  From  the  filtrated  li- 
quor, carbonat  of  potafii  precipitated  a  large  quantity  of 
carbonat  of  lime. 

Fiuftra.  When  the  flujlra  fniacea  was  immerfed  in  very  dilute 

nitrous  acid,  an  effcrvefcence  of  fhort  duration  took  place, 
and  when  this  had  ccafed,  iho-fiu/ira  appeared  like  a  finely 
reticulated  membrane,  which  retained  the  original  (hape. 
Pure  ammonia,  added  to  the  filtrated  folution,  produced 
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a  (light  precipitate^  which,  diflTolved  in  acetous  acid,  was 
found  by  acctite  of  lead  to  be  phofphat  of  lime.  On  adding 
afterwards  a  folution  of  carbonat  of  ammonia^  a  copious 
precipitatf  of  carbonat  of  lime  was  produced.  When  the 
iiuftra  foliacea  was  expofed  to  a  low  red  heat  in  a  crucible^  it 
emitted  a  fmell  like  burned  horn,  but  retained  its  Ihape,  by 
reafon  of  the  carbonat  of  lime,  with  which  it  was  coated.- 
Thefluftra,  thus  burned  and  dilTolved  in  dilute  nitric  acid, 
depofited  fome  animal  coal ;  but  in  other  rcfpecSls,  the 
prefent  folution  refembled  the  former  nitric  folution  of 
this  fubftancc,  when  in  a  recent  ftate.  When  the  fluftra 
foliacea  was  long  digefted  with  boiling  diftilled  water,  it 
communicated  to  it  a  pale  browniih  tinge.  Infuficn  of 
oak  bark,  being  poured  into  the  liquor,  did  not  produce 
any  vilible  effccf,  even  after  24  hours  had  elapfed;  but 
nitro-muriat  of  tin  formed  a  white  cloud  in  a  few 
minutes. 

Coralline,  like  thefluftrafoliacea,  produced  in  very  dilute  Coralilna. 
nitric  acid  an  effervefcence  of  fhort  duration.  The  co- 
ralline then  remained  in  a  membranaceous  ftate,  and  re- 
tained the  original  figure.  Pure  ammonia  produced 
fcarcely  any  effect.  Carbonat  of  ammonia  precipitated 
a  large  quantity  of  carbonat  of  lime.  Some  of  the  coral- 
line was  then  expofed  in  a  crucible  to  a  low  red  heat,  wheri 
it  emitted  a  fmell  of  burned  horn,  and  retained  in  great 
meafure  it's  fliape,  evidently  from  the  calcareous  coating. 
The  burned  coralline,  diflblved  in  dilute  nitric  acid,  de- 
pofited fome  animal  coal.  The  clear  folution  afforded  by 
pure  ammonia  a  very  flight  precipitate  of  phofphat  of 
lirne,  after  which  the  carbonat  of  lime  was  precipitated 
as  before. 

The  experiments,  therefore,  on  \\\q  tuhlpora  ?nufca  prove 
it's  refemblance,  in  compofition,  to  the  fubftances  before 
it;  but  a  flight  difference  was  obferved  in  the  hardenintr 
ubflance  of  th^  fiiiftra  foliacea  and  coralMa  opunt;a  ;  for 
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a  fmall  portion  of  phofphat  was  found  mixed  wilh  the 
carbonat  of  lime,  as  firft  obferved ;  but  themembranaceoua 
part  of  thcfc  bodies  refcmbles  that  of  certain  madrepores 
and  milleporcs,  particularly  milUporafafcialis, 
liis.  ,  When  the  iris  ochracea  was  immerfed  in  dilute  nitric 

acid,  a  confiderable  effervefcence  was  produced,  and,  in 
proportion  as  the  calcareous  fubftance  was  difTolved,  the 
red  colouring  matter  was  depofitcd  in  the  ftate  of  a  fine 
red  powder.  This  colouring  fubftance  was  neither  difTolved 
nor  changed,  when  nitric  or  muriatic  acid  was  poured 
upon  it.  It  appears  therefore  to  be  very  different  from 
the  tingeing  matter  of  the^/«Z'i/)5r^7  w/y^c<7,  or  that  of  the 
gorgonia  nobilis.  When  the  effervefcence  had  ceafed,  (in 
about  three  hours)  a  yeliowifh  membrane  remained,  which 
completely  retained  the  original  figure  of  the  iris.  A 
flight  precipitate  of  phofphat  of  lime  was  feparated  from 
the  filtrated  folution,  when  faturated  with  pure  ammonia. 
A  large  quantity  of  carbonat  of  lime  was  afterward  preci- 
pitated by  carbonat  of  potadi. 

Part  of  a  branch  of  this  iris  was  expofed  to  a  low  red 
heat ;  it  fmoked  and  fmelled  like  burned  horn,  and,  in  a 
few  minutes,  the  branch  feparated  at  the  knotty  joint? 
into  as  many  pieces  as  there  were  joints  in  the  branch. 
Thefe  joints  had  all  the  charafter  of  coal ;  but  the  whole 
of  the  membrane,  which  had  inveflcd  them,  as  well  as 
the  knotted  protuberance,  by  which  they  had  been  con- 
nected, were  dcflroyed,  by  being  converted  into  coal. 
From  this  Hatchett  was  dcfirous  to  examine  the  internal 
flru(Slure  of  the  membranaceous  part,  out  of  which  thefe 
joints  of  coral  had  been  diffolved  by  acids.  He  therefore 
took  the  membranaceous  fubftance,  which  retained  the 
complete  figure  of  the  iris;  and  this,  being  opened  longitu- 
dinally, exhibited  a  feries  of  cavities,  correfponding  in 
form  with  the  coralline  joints,  and  fo  (ituated,  that  each 
of  thefe  cavities  extended  from  one  bulb,  or  knot,  nearly 
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to  tlie  next)  Ihroiighout  the  whole  of  the  branch.     Th(j 
coralline  joints,  when  viewed  feparately^   appeared  fmal- 
*er  in  the  middle  than  at  the  ends,  which  were  terminated 
by  obtufe  cones.      In  the  branch  thefe  joints  were  fo 
placed,  that  the  extremities  or  cones  were  oppofed  point  to 
point,  but  were  prevented  from  immediate  conta<Sl  by  a 
griftly  fubftance,  which  filled,   and,  indeed,  principally 
formed  in  the  branch  the  knot  or  knob  of  each  joint,  and 
was  interpofed  between  the  cones  of  the  coralline  fub- 
ftance,  like  the  common  cartilage  of  the  articulations* 
From  this  conftruftion  it  appears,   that  this  iris  is  capa* 
ble  of  great  flexibility  when  in  a  recent  ftate  5   for  the 
griftly  part  of  the  bulbs  is  then,  moft  probably^  much 
fofter  and  more  elaftic  than  the  dried  fpecimens.     The 
griflly  fubftances,  which  form  the  bulbs  and  the  coralline 
joints,  are  kept  together  and  covered  by  a  thin  mem- 
brane  or  (kin,   continued  over  the  whole  like   a^tube. 
The  joints  arc  not  therefore  devoid  of  coating,  as  feems 
implied  by  the  definitioil  of  Linnaeus.     Iris  hippuris  was 
limilar  to  the  above,  except  pofleffing  carbonat  of  lime. 
A  tube  of  niembranc,  however,  invefts  the  curious  ftruc- 
ture  of  the  before  mentioned  iris,   whilft  in  this  no  fuch 
tube  or  outer  coat  exifts;  for  the  coralline  joints  (like  fome 
of  the  rhadrepores,  milleporcs.  See.)  coniift  of  a  membra-  . 
naccous  fubftance,  hardened  by  carbonat  of  lime  j  and  the 
only  difference  appears  to  be,  that  in  the  madrepores  and 
niillepores  the  membranaceous  part  is  lefs  compact  and 
abundant ;   but  even  the  ftridg  of  the  coralline  joints  re- 
main vifible  and  unchanged  in  the  membrane  of  this  iris. 
The  horny  paft  forms  alfo  a  marked  chara^teriftic   in 
this  iris,  and  feems  to  approach  it  to  certain  of  the  gor- 
goniap.     This  horny  part  docs  not,  however,  pervade  the 
whole  of  the  branch  ;  for  where  the  coralline  joints  com- 
mence,  this   hornv   fubftancc    immediately  terminates, 
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Internally  as  well  externally^  and  is  not  to  be  difcovered 
but  between,  or  in  the  feparation  of,  thefc  joints. 

Hence  both  of  thefe  irifes  are  formed  of  regulafly  or- 
ganized, membranaceous,  cartilaginous,  and  horny  fub- 
'  '  ibnccs,  hardened  in  the  laft  mentioned  fpccies  merely  by 
carbonat  of  lime,  but  in  the  iris  ochracea  with  the  addi- 
tion of  a  very  fmall  portion  of  phofphat  of  lime. 
Gorffoniac.  He  made  experiments  on  different  pieces  of  the  gorgonia 
nohilis,  or  red  coral,  fome  of  which  were  poliflied  and  de- 
prived of  their  external  pale  red  mealy  coat,  whilft  others 
were  in  their'original  ftate.  They  both  afforded  carbonat 
of  lime,  and  the  unpolilhed  red  coral,  whether  in  diluted 
nitric  acid,  or  in  acetous  acid,  had  it*s  calcareous  part 
completely  diflblved,  and  there  remained  an  external  tu- 
bulated membrane  of  a  pale  yellow  colour,  retaining  the 
original  figure,  and  filled  with  a  tranfparent  gelatinous 
fubflance.  The  poliflied  or  uncoated  red  coral,  treated 
in  the  fame  manner,  left  a  tranfparent  gelatinous  fub- 
ftance  like  the  other,  except  that  it  was  not  in  detached 
portions.  This  folution,  like  the  former,  only  yielded 
carbonat  of  lime.  In  each  of  thefe  experiments  the  red 
colour  of  the  coral  was  gradually  deflroyed,  as  the  folution 
of  the  calcareous  fubftance  advanced,  and  could  not  after- 
wards be  reflored,  nor  could  any  colouring  principle 
whatever  be  dete6led  by  the  reagents  iifually  employed. 
When  the  coated  or  uncoated  coral  was  expofed  to  a  flow 
red  heat,  which  produced  a  fmell  of  burned  horn,  it  had 
lofl  it's  red  colour,  and  became  gray,  and  being  after- 
wards diffolved  in  dilute  nitric  acid,  and  the  precipitate 
by  ammonia  again  diUblved  in  acetous  acid,  phofphat  of 
lead  was  obtained  on  the  addition  of  acetite  of  lead.  The 
carbonat  of  lime  was  afterwards  precipitated  in  the  ufual 
manner.  Hence  this  gorgonia  confifts  of  two  parts,  one 
of  which  is  the  ftem  formed  of  a  gelatinous  fubiiance, 
hardened  by  carbonat  of  lime,  and  coloured  by  fome 
unknown  modification  of  animal  matter ;  the  other  is  a 


HARD   PARTS.  373 

membranaceous   tube,  which,   like  a  cuticle  or  context, 
coats  the  Hem,  and  when  deprived  of  it's  hardening  fubr 
Itancc,  poflelTes  all  the  chara6lers  of  membrane.     But 
although  carbonat  of  lime  could  only  be  difcovered  when 
this  gorgonia  was  limply  immerfed  in  acids,  yet  it  appears 
a  fmall  portion  of  phofphat  of  lime  is  alfo  prefent,  but  fo 
enveloped   by  the  membranaceous  and  gelatinous  parts, 
as  not  to  be  diffolved  by  the  acid  menftrua,  till  thefe 
fubftances  have  been  decompofed.  by  fire.    This  is,  not  an 
luiufual  circumftance,  when  a  very  fmall .  portion  of  a 
fubftance  is  enveloped  by  large  quantities  of  other  mat- 
ter ',  for  Bergman  obferves  it,  with  refpe^l  to  the  cdcului 
vejici^y  in  his  fupplement  to  Scheele's  eflay.   Hatchett 
does  not,  however,  pretend  to  determine,  whether  the  very 
fmall   portion  of    phofphat  of    lime  in  this  gorgonia 
be  an  eflential  ingredient  or  not,  but  the  mode  of  con- 
ftruftion  evidently  proves  how  much  this  gorgonia  differs- 
from  the  madrepores  and  millepores,  as  well  as  from  the 
following  gorgonia,     G,   ceratophyta.     It  .effervefced  in 
dilute  nitric  acid,  after  which  folution  the  cortical  part 
appeared  like  a  thin  yellowifh  membrane,  invefting  the 
flem,  which  was  become  tranfparent  and  limilar  to  car- 
tilage.    The  folution  afforded  a  large  quantity  of  phof- 
phat of  hme  by  ammonia,  and  lixivium  of  potafh  fepa- 
rated  fome.  carbonat  of  lime.       The  cortex  fcarccly  af- 
forded a,  veftige  of  phofphat  of  lime,  but  a  conliderable 
quantity  of  carbonat.     On  the  contrary,   the  ftem  af- 
forded the  phofphat  in  large  quantity  and. very  little  of  the 
laft.     When  burned  in  a  crucible,  it  fmelled  like  burned 
horn,  but  the  figure  was  not  dcflroyed  ;  and  when  after- 
wards diflfolved  in  the  acid,  it  yielded  the  fame  produ6t 
as  before.     G.  flahellum.     In  dikite  nitric  acid  it's  effcr- 
vefcence  was  (hort,,  and  the  cortical  part  appeared  like  a 
thin  ycllowifli  membrane,  which  covered  the  flcm.   The  , 
latter  was  tranfparent,  and  refembled  foftened  horn  of  a 
rcddifli  brown    colour.     The  folution  afforded  a  large. 
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qnantitv  of  phofphat  of  lime,  and  a  Icfs  copious  precipi- 
tate of  carbonat.     The  folution  of  the  cortex  was  fcarcely 
rendered  turbid  by  ammonia ;  but  afforded  a  confiderable 
portion  of  carbonat  of  lime  by  potafh.     The  (Icm,  from 
which  the  cortical  part  was  taken,  being  deeped  three 
days  in  diluted  nitric  acid,  became  foft,  elaftic,  and,  in 
fome  meafure,  cartilaginous :  it  contained  a  deal  of  phof- 
phat, but  very  little  carbonat  of  lime.     The  recent  ftem, 
in  great  meafure,  retained  it's  (hape  when  put  into  a  red 
hot  crucible  ;   but  that  which  had  been  fteeped  in  the 
acid  curled  up,  and  foon  became  a  fhapclefs  mafs  of  coal, 
which  by  a  longer  heat  was  completely  diflipated.     This 
difference  appears  to  have  been  caufed  by  the  phofphat  of 
lime,   ptefent  in  the  recent  ftem,  but  diffolvcd  and  fcpa- 
rated  in  the  latter  cafe  by  the  acid.     Hatchett  obferves 
likcwife,  that  the  different  effe^ls  are  to  be  obferved,  when 
bone  and  when  the  cartilage  or  membrane,  which  re- 
mains after  bone  has  been  long  ftceped  in  acids,  are  ex- 
pofed  to  a  red  heat. 

Thefe  experiments  prove,  that  the  G.  flahellum^  like  the 
G.  ceraiophyta,  confilts  of  a  horny  ftem,  containing  a  cer- 
tain proportion  of  phofphat  of  lime,  and  that  this  ftem  is 
invcfted  with  a  membrane,  hardened  principally  by  car- 
bonat of  lime,  which  fecms  to  cover  and  defend  it  in  the 
manner  of  a  {liell.  Cfuherofa,  The  cortical  part  being 
feparatcd  from  the  ftem  was  firft  fubjefted  to  experiment. 
In  dilute  nitric  acid,  after  an  effervefcence  of  feveral 
h5urs,  a  foft  ycllowifh  membranaceous  fubftance  remain- 
ed, retaininjx  the  original  fionre.  The  folution  con- 
tained  a  little  phofphat  of  lime,  and  a  large  portion  of 
the  carbonat.  Some  of  the  pieces  of  the  cortex,  boiled  in 
diftilled  water  fix  hours,  afforded  a  great  deal  of  gelatin  by  . 
means  of  infufion  cf  oak  bark.  The  fame  pieces  after- 
ward boiled  with  lixivium  of  caiiftic  potafh  were  dif- 
folvcd.^ and  formed  the  animal  foap  of  Chaptal ;  the  cal- 
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careous  part,  fubfided  to  the  bottom.  The  cortical  part 
expofed  in  a  red  hot  crucible,  fmelled  like  burned  horn, 
and  fell  to  pieces,  which,  being  diflblved  in  nitric  acid, 
gave  a  little  phofphat  and  a  great  deal  of  the  carbonat  of 
lime.  The  ftem,  on  being  fteeped  fourteen  or  fifteen  days 
in  the  dilute  acid,  tinged  it  of  a  pale  yellow.  After 
this,  the  flem  was  more  tranfparent  and  flexible,  ap- 
proaching to  cartilage ;  ammonia  changed  the  ydlow 
liquor  to  a  deep  yellow  or  orange  colour;  but  there 
was  no  precipitate,  even  when  carbonat  of  potafli 
was  added.  Part  of  a  Hem,  cut  in  fmall  pieces  and  boiled 
in  water,  afforded  gelatin  in  fmall  quantity,  and  cauftic 
potaQi  formed  with  it  Chaptal's  animal  foap.  The  ftem, 
in  a  red  heat,  curled  up  and  fmelled  like  horn,  and  by  a 
long  continuation  of  the  heat,  the  fcarcely  to  be  collected 
refiduum  diflblved  in  dilute  acid,  gave  by  ammonia  a 
flight  portion  of  phofphat  of  lime.  Another  fpecies, 
which  mofl;  refembled  ihtfuberofa,  except  that  the  cortical 
part  was  much  longer  in  proportion  to  the  flem,  proved 
to  be  of  a  fimilar  compoiition  with  the  above.  G.  pe^i- 
nata.  The  cortical  part  gave  a  little  phofphat  of  lime 
and  a  large  portion  of  carbonat.  The  flem  refembled 
thofe  defcribed.  G,  fetofa  effervefced  in  dilute  nitric 
acid,  and  after  fome  hours,  the  cortical  part  appeared  a 
thin  ycllowifli  membrane,  which  coated  the  horny  flem.  ^ 

The  folution  contained  a  flight  portion  of  phofphat  and  a 
lars:e  one  of  carbonat  of  lime.  When  the  cortex  was  fe- 
parately  fteeped  in  the  acid,  and  the  folution  examined 
as  before  mentioned,  only  carbonat  was  obtained.  On 
the  contrary,  the  ftem,  whether  recent  or  burned,  gave  a 
little  phofphat,  but  fcarcely  any  trace  of  carbonat.  The 
ftem  became  in  the  acid  foft  and  tranfparent,  like  carti- 
lage. Thus  the  gorgoniae  already  enumerated  refemble 
each  other  much  in  the  compofition  of  their  cortices,  as 
well  as  in  the  nature  of  their  ftems.     In  the  cortex  the 
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predpminant  hardening  fubflancq  is  carbonat  of  lime^  but, 
.in  the  ftem,  phofphat  of  lime  is  the  chief,  and  almoft  the 
only  earthy  fubflance  that  is  prefent, 
,  The  following  ^org-<?«/<^5  although  invcded  alfo  with  jl 
cortex,  are  different,  as  they  do  not  afford  any  phofphat 
pf  lime.  The  g,  umhraculuniy  verrucofa^  and  three  other 
Ipecies  not  defcribed,  nearly  refcmble  each  other.  Their 
cortical  parts  in  dilute  acid  effervefced,  and  became  foft, 
yulpy,  yellowifli  white  membranaceous  bodies,  with 
nearly  their  original  form  and  fize.  The  acid  folutions 
,gave  no  phofphat,  but  a  large  proportion  of  carbonat  of 
lime.  The  ftems,  left  fourteen  days  in  the  acid,  were 
very  little  affected,  except  becoming  fcft  and  tranfparent, 
refembling  cartilage  or  foftened  horn;  and  they  became 
of  a  deep  reddifh  orange  colour,  inclining  to  brown,  in 
pure  ammonia,  and  in  a  few;  hours  were  completely  dif- 
folved.  The,  acid,  in  which  they  were  deeped,  afforded 
no  precipitate,  .       .  ;. 

The  vQva^xvning^gorgQnla  differ  from  the  former,  as  they 
are  not  coated  with  a  fieiliy  or  pulpy  cortical  fubftance. 
They  are  here  placed  immediately  before  the  an^ipathesy  on 
-account  of  thoir  great  limilarity  in  chemical  properties  as 
well  as  in  external  appearance.  G.  antlpathes.  Some 
pieces  of  this  -gorgonia  wore  immerfed  in  dilute  nitric 
acid  during  three  weeks,  in  which  they  became  foft,  and 
appeared  to.  b^  ^compofed  of  a  pale  brown,  opake,  mem- 
branaceous fubdapce,  which  formed  concentrical  coats 
of  a  ligneous  afpc6l.  The  acid  was  become  pale  yellow, 
and  ammowia  chanwd  it  to  oranore  colour  :  but  neither  it 
nor  potafli  produced  any  precipitate.  The  gorgonia  boil- 
ed fix  hours  in  diluted  water  tinged  it  yellow,  and,  on 
adding  infufion  of  oak  bark,  a  fma]I  portion  of  gelatin 
was  precipitated..  The  pieces  thus  treated  formed  a  dark 
coloured  animal  foap  with  cauftic  potafii.  The  gorgoniji 
fxpofed  to  a  red  heat,  fwelled  Uke  burned  horn,  foon  lod 
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it's  fliapc,  puffed  up,   and  formed  a  fpongy  coal,  which 
by  a  long  continued  heat  left  a  few  particles  of  a  white 
fubftance,  chiefly  muriat  of  foda.     Another  /pedes  of  gor- 
gonia  was  then  examined,   the  ftem  of  which  is  from 
a  quarter  to  nearly  half  an  inch  in  diameter  in  the  thick- 
efl  part,  of  a  black  colour,  high  polifh,  like  black  fealing- 
vvax,  and  has  probably  been  confidercd  a  variety  of  the 
G.  antipathes.     On  immerfion  28  days  in  dilute  acid,  it 
gradually  became  tranfparent,  of  a  bright  brownifli  yel- 
low.    In  this  foft  ftate  it  was  fteeped  two  days  in  water, 
and  then   opened   longitudinally.       By  this   the  whole 
flruiSlure  became  apparent,   and  confifted  of  thin  coats 
or  tubes  of  a  beautiful  tranfparent  membrane,    which 
progreffively  became  larger,  according  to  the  order  in 
which  they  receded  from  the  centre.     Thefe  membranes 
were  fo   delicate,  that  the  fibrous  texture  coidd  fcarcely 
be  difcerned.    The  acid  was  tinged  a  very  pale  yellow,  and 
ammonia  changed  it  to  a  deep  yellow  or  orange,  but  pro- 
duced no  change  of  tranfparency,  or  any  precipitate.    Ex- 
pofed  to  a  red  heat,  this  gorgonia  crackled,  emitted  a  flrong 
fmoke,   and  fmelled  like  burned  horn.     The  ihape  was 
foon  deftroyed,  and  a  compaA  coal  remained.     On  in- 
cineration, a  little  white  matter  was  obtained,  and  proved 
to  be  muriat  and  a  little  carbonat  of  foda.   The  la/i  (pedes 
of  gorgonia  which  Hatchettinveftigated  is  not  ealily  to 
be  diftinguiOied  from  the  g.  antipathes  5  but,  upon  a  clofe 
comparifon,  this  now  treated  of  is  more  flat  in  the  flcm, 
on  the  thin  fides  or  edges  of  which  a  number  of  fliort 
fpines  or  protuberances  are  placed  very  near  each  other. 
That  it  is  verv  different  from  the  g.  antipathes  the  fol 
Jowino-  will  prove.     On  exppfure  to  dilute  acid  for  nearly 
four  weeks,  the  flru^lare  became  apparent,  and  confifled 
of  flrong  fibres,  nearly  in  a  parallel  direilion  from  onq 
extremity  of  the  branch  to  tlie  other,  and  being  clofely 
arranged  fide  bv  fide^  formed  concentric  coats  of  a  pale 
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brown  opake  fubftance;  but  theie  coats  were  by  no  means 
fo  diftincl  as  thofe  oblerved  in  the  former  gorgoniae,  al- 
thoiigh,likcthcm,thcfibrousl'ub(lancepoireired  the  charac- 
ter of  membrane.  The  dilute  acid  was  pale  yellow,  chang- 
ed by  ammonia  to  orange  5  and  fo  large  a  quantity  of  phof- 
phat  of  lime  was  precipitated,  as  to  make  the  liquor  thick 
and  vifcid.  The  phofphat  being  feparated  by  a  filter,  the 
lixivium  of  potaih  had  no  effc6l  on  the.;clear  liquor.  The 
gorgonia,  digefted  in  boiling  difiilled  water  eighteen  hours, 
tinged  it  pale  yellow,  and  oak  bark  precipitated  a  little 
gelatin  from  it.  The  pieces  employed,  boiled  with  lixi* 
vium  of  cauftic  potafh,  formed  a  dark  coloured  animal 
foap  ;  phofphat  of  lime  w^as  feparated,  and  gradually  fell 
to  the  bottom  of  the  matrafs.  Part  of  a  large  branch 
t'xpofed  to  a  low  red  heat,  fmelled  like  burned  horn,  and 
being  long  continued,  the  phofphat  of  lime  was  left,  fo 
as  to  retain  the  original  figure,  like  bone  which  has  been 
burned,  but  the  particles  of  the  mafs  cohered  but  feebly. 
The  refiduum  being  diifolved,  and  the  phofphat  fepa- 
rated, a  flight  cloud  of  carbonat  of  lime  was  produced  by 
potaih. 

It  therefore  appears  on  recapitulation,  from  the  above 
experiments  on  the  various  fpecics  of  gorgonia,  that  the 
hardening  fubfiance  of  the  g.  nohilis  (which  was  formerly 
looked  upon  as  an  iris)  was  found  to  be  carbonat  of  lime, 
with  a  fmall  portion  of  phofphat ;  but  the  matter  form- 
ing the  membranaceous  part  was  (like  that  of  millepora 
polymorpha)  in  two  ftates ;  that  of  the  interior  being 
gelatinous,  and  that  of  the  external  part  being  a  mem- 
-  »  brane  completely  formed,  fo  as  to  cover  the  fame,  as  a 
tube.  The  refults  of  the  experiments  on  the  g.  ceratophyta^ 
fiabellumy  juherofa,  pe£linata^  dind  fetofa,  were  remarkable  j 
for,  when  the  two  parts  which  compofe  thefe  gorgonia y 
viz,  the  horny  ftcm  and  the  cortical  lubftance,  were  fepa- 
rately  examined,  it  was  proved. 
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1 .  That  the  ftcnis  of  thefe  gorgdnlce  confiH  of  a  fub- 
ftance  analogous  to  horn,  and  that  by  long  maceration  in 
diluted  nitric  acid,  this  horny  fubftance  becomes  foft  and 
tranfparent,  fo  as  to  refcmble  a  cartilaginous  or  tendi- 
nous body  ;  likewife  the  ftems  afford  a  quantity  of  phof- 
phat  of  limc^  but  fcarcely  any  trace  of  carbonat. 

2.  That  the  cortical  part,  on  the  contrary,  confifts 
principally  of  carbonat  of  limg,  with  very  little  or  none 
of  the  phofphat }  and  the  carbonat  of  lime  is  depofited  ia 
and  upon  a  foft,  flexible,  membranaceous  fubflance, 
which  feems  much  to  approach  the  nature  of  cuticle. 

Some  of  the  gorgonia*  fubfequently  examined,  refem- 
bling  the  former  in  conftru<Slion,  did  not  yield  any 
phofphat  of  lime,  but  in  every  other  refpe^t  were  fimilar. 
The  G,  antipathes  was  found  to  be  entirely  formed  of  a 
fibrous  membrane  ;  and  ih^  Hack  Jhining  polijhed gorgotiia 
afforded  by  maceration  a  moft  beautiful  fpecimen  of 
membranes,  concentrically  arranged.  Laftly,  the  gor^ 
gonia  Hatchett  defcribed  as  very  much  like  the  G.  an- 
tipathes proved  to  be  fimilar  to  that  fpecies,  as  to  the 
membranaceous  part ;  but  fo  large  a  portion  of  phofphat 
of  lime  was  mixed  with  it  as  almoft  to  approach  it  to  the 
nature  of  (lag's  or  buck's  horn^  there  is,  therefore, 
great  reafon  to  confider  it  as  a  different  fpecies. 

When  the  antipathes  ulex  had  been  immerfed  fourteen  Antipathef. 
days  in  dilute  nitric  acid,  It  became  tranfparent,  and  fo 
much  foftened,  that  from  a  horny  fubflance  it  now  nearly  re- 
fembled  cartilage.  Ammonia  changed  the  acid  to  an  orange 
colour,  but  produced  no  precipitate,  neither  did  potafli. 
A  portion  of  the  antipathes,  digefted  in  diftilled  water, 
afforded  gelatin.  Boiled  with  cauftic  potafli,  it  formed 
the  animal  foap.  Amyriophylla  afforded  the  fame  refults. 
The  fpecimens  were  fmall,  which  prevented  him  from 
making  additional  experiments}  but  thofe  already  cited. 
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fufiicieiUly  prove,  how,i)nuch  theantlpathcs  rcfemble  the 
horny,  (lems  of  the  gorgoniae. 
SxK)]iges.  Many  fpecies  oifpongfiwerQ  exainlnctl,  but  as  little  or 

no  eflential  difference  was, fpupd  in  the  refults,  they  may 
be  all  included  in  the  jfoWowing  account.  The  following 
fpecies,  with  many  others  not  defcribed,  were  invefti- 
gated.  Sponglic  cancel! ata^  Oiulata^  infund'ibuliformis^  pal^ 
matGy  c^c  nails.  When  they  had  been  immerfed  in  ni- 
tric acid,  diluted  \yith  three  meafures  of  dillilled  water, 
for  fourteen  or  fixteen  days,  the  acid  became  pale  yellow, 
and  pure  ammonia  changed  it  to  an  orange  colour.  The 
fponges  thus  fteeped  became  more  or  lefs  tranfparent, 
(like  the  gorgoniae)  and  were  conliderably  foftened.  In 
this  flate,  the  part  touched  with  ammonia  became  of  a 
deep  orange  colour  inclining  to  a  brownifh  red,  and  when 
much  foftened  by  the  acid,  (if  afterward  immerfed  in 
ammonia)  they  formed  a  complete  deep  orange- coloured 
folution,  and  the  fame  were  obferved  of  the  horny  flems 
of  the  gorgoniae,  antipathes,  &c.  When  digcfted  with 
boiling  dillilled  watery,  tl^c  fponges  afforded  a  portion, 
of  gelatin,  which  vvas  precipitated  by  infufion  of  oak 
bark.  The  fine  and  more  flexible  fponges  gave  it  in 
greater  abundance,. and  riiore  eafily.  than  the  coarfe  ot 
rigid  ones.  The  gelatin  was  gradually  and  prpgrefliyely 
imparted  to  the  water,  and  in  proportion  as  they  were 
deprived  of  it,  they  became  lefs  flexible  and  more  rigid, 
fo  that  the  remaining  par't^  when  dry,  crumbled  between. 
the  fingers,  or  when  moift,  was  torn  eafily  like  wetted 
paper. 

As  tbefe  properties   prove,    that   fponges  only   differ^ 

from  the  hornv  ftems   of  the  gorgoniae,  and  from  the 

antipathes,  by  being  of  a  finer  and  more  clofply-woven. 

texture;    (this  is  particularlv   obfervable  on  comparing. 

.  the  coarfe   fponges,    as  S,   canccllata,    wiili  the   finely 
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reliculated  parts  of  certain  gorgonlsc,  efpecially  tliofe  -df 
G.  Flabelliim,  when  dlvefted  of  "the  external  membrane) 
fo  this  fimilarity  will  be  corroborated  by  the  following 
remarks.  When  expofed  to  heat,  they  afforded  the  fame 
produfts,  the  fame  fmell,  and  a  limilar  coalj  which,  by 
incineration,  left  a  very  fmall  refiduum,  chiefly  of  mu- 
riat  of  foda,  occalionallv  mixed' with  fonie  carbonat  of 
lime,  which  was  alfo  often  difcovercd  when  the  recent 
fponges  were  immerfcd  in  acids  5  but  ■  this,  as  well  as 
muriatof  foda,  is,  according  to  Hatchett,  merely  extra- 
neous, and  arifes  from  fmall  fhells,  parts  of  madrepores 
and  fuch  like  bodies,  which  are  often  vifibly  lodged  in 
the  interftices  of  the  fponges.  Laftly,  the  fponges,  when' 
boiled  with  lixivium  of  cauftic  potalh,  were  completely 
dilTolved,  and,  like  the  horny  ftems  of  the  gorgonire,' 
formed  animal  foap,  more  efpecially  when  the  pirt 
which  is  apparently  infoluble  in  water,  and  which 
remains  after  the  gelatin  has  been  feparated,  was  thus 
treated. 

This  feries  of  experiments,  made  by  Hatchett,  termi-  Ajcvoniura. 
nated  with  an  examination  of  a  few  fpecies  of  alcyonium^ 
viz.  ajhejlimim^  fie  us,  and  arboreum,  all  of  which  were 
found  to  be  compofed  of  a  foft,  flexible,  membranaceous- 
fubftance,  very  fimilar  to  the  cortical  part  of  fome  of  the 
gorgonics  (or  g.  fuberofa),  and  in  like  manner  flightlv 
hardened  by  carbonat,  mixed  with  a  fmall  portion  of 
lime,  as  the  following  fa<Sls  will  prove. 

Jlcyonium  ajhejimum  was  unchanged  in  figure,  after  re- 
maining feveral  hours  in  dilute  nitric  acid  j  there  was  a 
feeble  efifervefcence,  and  the  reddifli  purple  was  deft royed. 
Theexternal  partbecamepaleycllow,  and  was  a  loft,  opake, 
pulpy  fubftance,  within  which  was  a  fli'm^,  fimilar  in 
texture,  but  lefs  foft,  and  which  {lill  appeared  of  a  pale 
red  colour.  Ammonia  produced  no  eficiSl  on  the  filtered 
fwlution;  ccirbonat  of  potafli  precipitated  a  large  quantity 
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ofcarbonatof  lime.  A  piec^e  in  a  low  red  heat  foon 
took  fire,  and  melted  like  burned  horn ;  after  which,  it 
retained  it*s  figure,  and  became  white.  Diflfolvcd  in  di- 
lute acid,  fome  animal  coal  was  dcpofited,  and  ammonia 
precipitated  a  little  phofphat  of  lime  ;  after  which,  the 
carbonat  was  procured.  A  quantity  of  gelatin  was  alfo 
precipitated  in  the  ufual  wav.  On  the  pieces  of  alcyo- 
nium,  from  which  the  water  had  been  deranted,  fomc 
lixivium  of  potafli  in  it's  cauftic  ftate  was  poured,  and 
being  boiled,  the  whole  of  the  membranaeeolis  or  pulpy 
part  was  diflblved,  and  a  fubftance  exa^lly  fimilar  to 
Chaptal's  animal  foap  was  formed  ;  while  the  calcareous 
part  fubfided  to  the  bottom  of  the  vefTel.  A.jicus,  This 
was  unchanged  in  fhape  in  the  acid,  and  like  a  (Irong, 
thick  membranaceous  fubftance  of  a  fibrous  texture.  A 
little  phofphat  of  lime  was  precipitated  by  pure  ammonia, 
from  the  acid  liquor ;  after  which,  a  copious  precipitate 
of  carbonat  of  lime  was  got  by  potafh.  Jl.  arhoreum.  The- 
calcareous  part  was  foon  difTolved  in  nitric  acid,  but  the 
form  remained,  and  ftill  appeared  like  a  pale  yellow  po- 
rous fubftance,  enveloped  by  a  fkin  or  epidermis.  Am- 
monia had  no  efTe^l,  but  carbonat  of  lime  was  obtained 
by  potafh.  Incinerated  and  diflblved  phofphat  of  lime 
was  obtained,  with  a  large  proportion  of  carbonat.  As 
this  phofphat,  therefore,  appeared  to  have  been  defended 
by  the  membranaceous  part  from  the  acid,  a  complete 
folution  of  the  alcyonium  was  made,  and  then,  like  that 
of  the  burned,  it  yielded  phofphat  of  lime,  and  the  li- 
quor became  orange  coloured  as  foon  as  the  ammonia 
was  added.  A  large  portion  of  gelatin  was  procured^ 
and  animal  foap  formed  \  whilft  the  calcareous  part  was 
feparated  during  the  boiling,  and  fell  down  in  the  form 
of  a  fine  powder.  From  this  examination  of  the  alcyo- 
nium, it  appears,  that  as  the  fponges  refemble  the  horny 
flems  of  gorgonicc,  fo  thefc  fpccicsof  alcyonium  refem- 
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Lie  In  external,  and  chemical  chara6lers,  the  fleiliy  or 
cortical  fubftance,  which  invefts  fome  of  thofe  bodies  ; 
and  that  they  chiefly  differ  from  the  gorgonia:^  by  being 
deilitute  of  the  horny  ftem,  which,  in  the  latter,  feems 
to  fupply  the  place  of  bone. 

From  the  above  experiments  and  obfcrvations.  Hat-  Conciudhj 
chett  thinks  there  is  reafon  to  conclude,  that  the  varie-  ^^ 
ties  of  bone,  (hell,  coral,  and  the  numerous  tribe  of 
zoophytes  with  which  the  laft  are  connected,  only  differ 
in  compofition  by  the  nature  and  quantity  of  the  harden- 
ing or  oflifying  principle,  and  by  the  ftate  of  the  fub- 
ftance with  which  it  is  mixed  or  connected.  For  the 
gluten  or  jelly  which  cements  the  particles  of  carbonat, 
or  phofphat  of  lime ;  and  the  membrane,  cartilage,  or 
horny  fubftance,  which  fervxs  as  a  bafis,  in  and  upon 
which  the  offifying  matter  is  fccreted  and  depofited, 
fcem  to  be  only  modilications  of  the  fame  fubftance, 
which  progreflively  graduates  from  a  vifcid  liquor  or 
gluten,  into  that  gelatinous  fubftance  fo  often  noticed, 
and  which  again,  by  increafed  infpiflation,  andbv  the  va- 
rious, or  more  or  lefs  pcrfe6l  degrees  of  organic  arrange- 
ment, forms  the  varieties  of  membrane,  cartilage,  and 
horn.  The  reafons  which  induce  Ilatchett  to  adopt  this 
opinion  originate  from  a  feries  of  experiments,  made 
with  a  view  to  invcftigate  the  nature  and  compofition  of 
membrane,  for  which,  fee  membrane^  gelatin,  &c. 

Fourcroy's  Elements,  vol.  4,  p.  400.  178S. — Ency- 
clop.  Method.  Chimie.  tom.  1,  part  l,  p.  910. — 
Neumann's  Chemiftry,  vol.  2.  articles  Bones,  Horns, 
&c. — Richtcns  Meiung.  von  einer  befondere  Erde  in 
den  Knochen,  in  the  Bemerk.  ucber  die  neuer.  Gegenf- 
tande  der  Chemie.  p.  SO.  -Gotding's  Almanack  for 
',793._^\Veftrumb  in  Crcll's  Chcm.  An.  f.  1G4.  1793. 
— Macquer's  Wcerterbiich  by  Leonhardij-    v.  3,    p.  32. 
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— Scheelc,  in   Crell's  ^Chem.  Journ.  th.  2,  f.   197. — 
Koudle,    Journal  de  Med.   061.    1777. — Crell^  in  his 
Chem.  Journ.   torn,   l  &  2,  p.  26,  &   139. — Wiegleb, 
in  Crell's  Neuefte   Entdec.   t.  2,  p.  6. — Analyfc  dc  la 
Coralline  par  Bouvier,  Annal.  de  Ch.    t.  8,  p.  308,  & 
Mc'm.  fur  la  Coralline  par  Durande,  Acad,  de  Dijon. 
i\  2,  p.  173.  An.  1783. — Experiments  and  Obfervalions 
on   Shells   and  Bone,  by  Charles  Hatchett,    F.  R.  S. 
Philofoph.  Trans.  J.  1799. — On  the  Whitening  of  Bones 
by  Mr,  Richard  Smith,  in  Beddoes  Wcftern  Contribu- 
tions.— Cit.  Bonhomme,  on  the  Rickets.  An.  de  Ch. 
torn.  18. — Analyfe  comparec  des  Os  de  rilomme  avec 
cpux  de  differens  Animaux  par  Merat-Guillot.  An.  de 
Ch.  p.   68.  torn.   34. — Beckmann's  Hiftory  of  Inven- 
tions, Sec.  vol.  3,    p.   276.  1797. — Chemical  Experi- 
ments on  Zoophytes,  &c.  by  C.  Hatchett,  Efq.  F.  R.  S. 
from  the  Philof.  Trans.   1800. — Experiments  on  the  two 
States  of  Phofphat  of  Lime,  on  the  Analyfis  of  Bone, 
&c.  by  M.  Fourcroy  and  Vauquelin.  Mem,   dc  L'Inftit. 
Nat.  &c.  vol.  2. 
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The  exterior  coverings  of  animals,  which  appear  to 
be  produced  for  the  puvpofc  of  retaining  their  heat,  ami 
as  a  defence  againft  the  inclemency  of  the  weather,  are 
hair,  zuool^  fcathersy  and  filk^  which  la(l  fubftance  ferves 
to  envelop  the  fiik  worm  in  it's  cryftalline  ftate. 

The  hair  of  different  animals  has  been  imperfectly  Hair  and 
analyfed  by  feveral  chemifts.  From  it's  horny  and  fixed 
nature,  we  are  told  by  Achard,  that  he  was  unable  to 
extraft  any  thing  from  it,  by  boiling  it  in  water,  in 
open  velTels ;  the  hair  he  fubmitted  to  experiment  was 
that  of  the  horfe,  the  goat,  the  dog,  the  calf,  human  air, 
and  the  wool  of  the  (heep. 

After  boiling  each  fpecies  of  hair  in  Papin's  digefter, 
he  found,  that  in  one  hour,  it  was  become  fo  foft  as  to 
give  way  when  prefTed  between  the  fingers,  and  to  be 
fomewhat  ropy  ;  that  it  had  loft  vepy  little  of  it's  weight, 
but  had  depofited  in  the  water  a  gelatinous  part,  which 
gave  it  a  yellow,  or  brown  colour,  and  left  by  evapora- 
tion a  glue  ;  that  the  hair,  except  the  human  and  wool, 
after  being  dried,  had  become  brittle,  and  capable  of  be- 
ing pulverized  between  the  fingers,  which,  perhaps,  arofe 
from  the  lofs  of  it's  gelatinous  part. 

Hatchett  obferved  the  fame,  for  when  hair  of  various 
qualities,  and  taken  from  different  animals,  was  long 
digefted,  or  boiled  with  diftilled  water,  it  imparted  to  the 
water  a  fmall  portion  of  gelatin,  v.'hich  was  precipitated 
by  the  tanning  principle,  and  by  nitro-muriat  of  tin  ; 
and  when  the  hair  had  becnthus  deprived  of  gelatin,  and 

VOL.    I.  CC  . 


386  EXTERNAL   PARTS. 

was  fubfequwitly  dried  in  the  air,  the  original  flexibility 
and  claflicity  of  it  were  found  to  be  much  diminiflicd,  fo 
that  it  eafily  gave  way,  and  was  broken.  And  he  is 
induced  to  believe  from  various  experiments,  that  the 
hair  which  lofes  it's  curl  in  moift  weather,  and  which  is 
the  fofteft  and  mod  flexible,  is  that  which  moft  readily 
yields  gelatin  ;  on  the  contrary,  the  hair  which  is  very 
ftrong  and  elaftic  is  that  which  affords  it  with  the  grea- 
teft  difficulty,  and  in  the  fmalleft  proportion.  Thefe  re- 
marks have  been  corroborated  by  the  aflertion  of  a  confi- 
derable  hair  merchant  in  London,  who,  during  a  long 
experience  of  upwards  of  forty  years,  has  always  found, 
that  hair  of  the  firfl:  named  quality  cannot  be  boiled  an 
equal  time  with  thofe  laft  mentioned,  without  fuffering 
material  injury  in  ftrength  and  flexibility. 

By  incineration,  according  to  Achard,  very  little  aflies 
were  left  behind ;  he  found  that  one  pound  of  each  af- 
forded the  following  quantity,  viz  i 


dra( 

:hms. 

grs. 

Human  . .  . . 

1, 

20 

goat's      . .  . . 

1|. 

T 

pig's       .... 

Hy 

2i2 

fheep's 

if. 

2 

calf's      . .  . . 

2f, 

10 

dog's 

2i, 

23 

horfe's     ....  3,  12 

The  colour  of  the  aflaes,  in  thefe  experiments,  was  in 
general  more  or  lefs  yellow  ;  whilft  thofe  from  the  hair  of 
the  horfe  were  reddifli.  Thofe  from  the  human,  horfe's 
iair,  and  dog's,  were  taftelefs  ;  and  from  the  goat's  and 
pig's,  only  as  he  thinks  accidentally  faline.  The  water 
in  which  thefe  affieshad  been  lixiviated  had  no  effc6l  on 
the  fyrup  of  violets,  which  appears  to  prove,  they  con- 
tained no  fixed  alkali. 


EXTERNAL    PARTS.  387 

Neumann  and  Bafter^,  on  the  contrary,  found  a  fixed 
fait  in  thefe  afhes. 

By  diflillatlon  of  thefe  different  fpecles  ot  hair,  Achard  ^^P°f*<?^^ 
obtained,  befides  the  carbonaceous  refiduum,  empyreu- 
matic  oil,  and  the  annnoniacal  fluid,  afforded  by  all 
animal  fubilances,  with  a  cryftallized  f;iline  matter  in 
the  receiver,  which  was  partly  ftcllated,  and  partly  rhom- 
boidal.  This,  on  the  addition  of  potafli,  produced  a 
very  ftrongly  penetrating  fmell  of  ammonia,  and  a 
peculiar  fort  of  animal  ammonia ;  which  he  thinks, 
might,  perhaps,  arife  from  the  acid  of  benzoin,  as  in. 
urine. 

Digefted  with  quick  lime,  during  it's  extinction,  wool  Quicklime. 
and  human  hair  loft  very  little  of  their  fixity,  and  no- 
thing of  their  fupplenefs ;  on  the  contrary,  that  of  the 
horfe,  goat,  and  dog,  as  well  as  the  briftles  of  the  pig, 
after  undergoing  this  operation,  and  becoming  dry, 
were  very  fliort  and  brittle. 

Mild  alkalis  have  no  effect  upon  hair,  either  in  the  Alkalis. 
cold,  or  at  a  boiling  heat;  but  by  digefling  them  twelve 
hours   with   cauftic  alkali,  they  were  converted  into  a 
jelly. 

According  to  Chaptal,  if  a  cauftic  lye  of  potafli  be 
faturated  with  wool  or  hair,  a  foap  is  formed,  which  he 
calls  the  foap  of  wool. 

Hair,  put  into  the  vitriolic  acid  for  twelve  hours,  in  Vitdoiic 
which  time  it  was  coloured  brown,  had  not  loft  any  of 
it's  flexibility,  but  was  fofter  :  and  the  human  hair,  after 
it  was  waftied  and  dried,  appeared  partly  white.  On 
digeftion  in  this  acid  with  heat,  the  hair  was  perfectly 
diflTolved,  and  produced  a  ftrong  fmcU  of  fulphureous 
fpirit.  The  folutions  were  not  affeded  by  dilution  with 
water. 

cc2 
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According  to  Bcrthollet,  fcourcd  wool  put  into  ful- 
phuric  acid  was  diiTolvcd  by  a  (light  heat  ;  at  firft  iht 
folution  was  colourlefs,  but  on  increafing  the  heat,  it 
ibon  became  blackifh.  Diftilled  with  fulphuric  acid, 
'uiidcr  a  pneumatic  apparatus,  there  came  over  a  large 
quantity  of  gas,  five  fixths  of  which  were  carbonic  acid. 
This  acid  having  been  abforbed,  the  refiduum  was  hy- 
drogen gas.  At  the  end  of  the  diftillation,  a  conlidera- 
.  ble  quantity  of  very  white  fulphat  of  ammonia  was  fubli- 
med  ;    there  remained  a  coal  in  the  retort. 

Kitvous  According  to  Achard,  fumina'  nitrous  acid,  the  fumes. 

*">'J  ..."  '^  I 

of  which  immediately  changed  dark  and  blacl^hair  to  a 

reddifli,  and  afterward  to  a  white  colour,  without  af^- 
fecting  it'5  folidity,  corroded,  and  foon  diffolvcd  both 
hair,  w^ool,  and  briftles.  From  this  folution,  pure  wa- 
ter precipitated  a  vcllowiih  fiock}^  matter,  half  of  which 
was  foluble  in  alcohol,  to  which  ic  gave  it's  yellow  co- 
lour ;  and  on  the  addition  of  water,  became  milky  and 
turbid;  vv^hrcb,  however,  became  clear  again  after  the 
depofitofa  fiocky  matter,  grcatly  refembling  coagulated 
nil.  This  precipitate,  on  bcinp: diftilled,  afforded  an  al- 
kaline water,  a  large  quantity  of  empyreiunatic  oil,  and 
a  coal  which  left  brick  coloured  afhes.  From  the  nitron* 
folution  of  the  human  hair,  when  evaporated  to  one  half, 
ilrofe  fome  fmaH  needle-like  cryftals.  Weak  nitrous  acid 
had  no  effecl  on  hair  in  the  cold,  but  entirely  diffolved  it 
at  a  boiling  heat,  became  yellow,  and  had  a  Aveetifh 
fniell,  the  fame  as  when  boiled  with  fat  oils,  and  other 
animal  matters.  Water,  it  appears,  had  no  effeft  on 
this  folution^  which  is  fomewhat  extraordinary,  fince 
Berthollet  havinof  treated  hair  and  wool  with  ein;ht  times 
the  quantity  of  common  nitrous  acid  in  clofe  velTels,  ob- 
tained folutions,  which,  on  becoming  cool,  depofited  a 
fai  niatier;  and   on   crviiallization,  a  large  quantity  of 
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oxalic  acid.  This  experiment  of  Berthollet  lets  great 
light  on  thofe  of  Achard.  From  fix  drachms  of  wool^  he 
obtained  three  drachms  and  four  grains  of  the  oxalic 
acid  ;  hair  alfo  gave  it  a  deal  of  fat,  but  not  fo  much  ox- 
alic acid  as  wool. 

Achard  found  alfo,  that  the  muriatic  acid  foftened  hair  Mmiatlc 
in  the  cold,  and  entirely  dilTolved   it   at  a  boiling  heat. 
The  dark  brown,  or  nearly  black  folutions  it  forms,    af- 
ford no  depofit  on  the  addition  of  water, 

Berthollet  found,  that  the  muriatic  acid  diflblved  wool 
more  readily  than  the  fulphuric,  but  a  more  continued 
heat  was  neceffary  before  the  folution  became  black. 
Simply  diftilled  with  a  receiver  to  the  retort,  a  confidera- 
ble  portion  of  muriat  of  ammonia  came  over  toward  the 
end,  one  part  of  which  was  brown,  whilft  that  more  ad- 
vanced into  the  neck  of  the  retort  was  white.  There  re- 
mained a  much  more  confidcrable  quantity  of  charcoal 
than  with  fulphuric  acid ;  the  lixiviated  coal  gave  a  folu- 
tion, which  contained  an  evident  quantity  of  iron.  To  judge 
of  the  vapours  by  the  odour,  which  efcaped  toward  the 
end  of  the  operation,  hydrogen  gas  was  difengagcd.  It  may 
be  remarked,  that  with  the  fulphuric  acid,  very  little 
coal  remains,  but  much  carbonic  acid  is  obtained;  whilft 
with  the  muriatic  acid,  as  a  much  greater  quantity  of 
carbon  is  left,  we  may  conclude,  that  very  little  carbonic 
acid  ou<rht  t6  be  difenjraffed. 

According  to   the  experiments   of  Van  Mons,  it  ap-  OxygTiiat^d 

^1      i.     .1-  ^1  •      •  •  1  1  muriatic 

pears,  that   the  oxygenated  muriatic  acid  gas  converted  add. 
quills,  wool,  calf's  hair,  and  {ilk,  after  having  been  kept 
fome  days  in  it's  atmofphere,  into  gelatin;  the  two  firil 
fubftances  acquired  a  red  colour. 

Alcohol,  vitriolic  ether,  the  fat  and  ethereal  oils  have  Aicoi'.oL 
a6lion  upon  hair  either  in  the  cold  or  with  heat. 

According  to  Thompfon,  hair,  as  well  as  wool  and  u^iit. 
C  C  3 
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(ilk,  when  expofed  under  water  to  the  rays  of  the  fun, 
emit  dephlogifticated  air. 
Feimenta-        From  the   dry  and  horny  nature   of  thcfe  fubftances, 
^^"*  they  are  prevented  from  undergoing  the  putrid  fermenta- 

tion ;  but  we  have  an  account  given  us  by  Carette^  of 
Spontane-  the  fpontaneous  combuftion  of  wool.  According  to  this 
buftion. '  author,  wool  and  animal  ftuffs  are  liable  to  this  change, 
when  they  are  laid  in  heaps,  accompanied  with  a  cer- 
tain degree  of  humidity.  He  gives  an  inftance  of  an  old 
woollen  ball,  which  having  been  oiled  in  order  to  render 
it  more  elaftic,  and  covered,  fome  time  after  nothing  but 
a  black  powder  tvas  found  in  the  cover,  which  perfectly 
refcmbled  a  carbon  :  he  alfo  relates,  that  a  manufacturer 
of  Lifle,  having  put  a  piece  of  cloth  into  his  warehoufe 
which  had^not  been  cleanfed,  it  took  fire  in  a  few  days 
after,  and  that  feveral  inftances  of  the  kind  had  occurred. 
This  has  been  obferved  by  Sonnini  :  he  fays,  in 
the  {hipping  of  wool  it  is  of  importance  to  know,  that 
great  care  fhould  be  taken  to  prevent  it*s  imbibing  any 
moifture,  for  in  fuch  cafe,  it  heats,  inflames,  and  is  in 
danger  of  fetting  fire  to  the  veflel. 
Component  From  thefe  experiments  it  appears,  that  hair  in  a  che- 
mical view  refembles  the  fibrous  parts,  whilfl:  water  only 
extra<^s  a  little  of  the  gelatin.  Wool  inclines  to  a  fatty 
nature,  as  the  lyeofcauftic  alkalis  perfe6):ly  diffolves  it 
on  boiling,  and  forms  a  foap  with  it  as  well  as  with 
hair. 

It  now  remains  to  give  a  (hort  defcription  of  the  ufes 
of  thefe  fubftances  in  the  arts,  as  far  as  they  can  be  confi- 
de red  chemically. 

It  is  well  known  that  the  art  of  the  hatter  confifts  in 
forming  with  hair,  wool,  and  fur  of  different  animals,  a 
kind  of  fluff  of  a  denfc,  compat^l  texture,  capable  of  af- 
fumiiig  and  preferving  any  figure  that  may  be  given  it. 
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To  obtain  this  object,  a  variety  of  procefles  are  employ- 
ed, partly  chemical,  and  partly  mechanical,  which  may 
be  reduced  to  four  principal  operations,  viz.  felting, 
fulling,  dyeing,  and  preparation. 


FELTING, 


If  any  fpecies  of  hair  or  wool  be  InfpeAed  by  the 
mlcrofcope,  it  appears  fmooth  and  polifhed,  yet  if  rubbed 
between  the  fingers,  held  by  the  point,  and  drawn  to 
the  root,  the  refinance  is  more  confiderable  than  in  the 
contrary  dire<^ion ;  the  motion  is  likevvife  tremulous, 
and  there  is  a  chirping  noife.  Likewifc,  if  a  hair  be  held 
between  the  finger  and  thumb,  and  rubbed' by  alternately 
moving  them  in  the  direction  of  it's  length,  a  progrelfive 
motion  will  be  produced,  which  is  always  with  the  roo^ 
end  foremoft.  The  fame  ftru£hure  may  be  fhown  by  ty- 
ing two  hairs  together,  and  then  giving  the  knot  a  few 
blows  between  the  palms  of  the  hands,  for  the  knot  vi'ill 
either  untie  itfelf  or  draw  clofer,  according  as  the  afperi- 
ties  of  the  furfaces  are  placed  in  tying.  From  this  me- 
chanifm  which  is  common  to  wool,  and  every  other  kind 
of  hair,  which,  according  to  Monge,  have  their 
furface  compofed  either  of  fcales  like  thofe  of  fifh  or 
imbricated  cones,  like  the  horns  of  animals,  may  be  de- 
duced the  harfli  feel  of  woollens  againft  the  (kin,  compar- 
ed with  linens,  and  their  irritating  effect  upon  wounds. 
It  is  this  difpofition  to  progreflive  motion  end  ways, 
which  caufes  hair  to  entangle  SLudfe/t  itfelf  when  preifed 
by  the  hatter  between  two  pieces  of  linen,  to  which  they  do 
not  unite  from  it's  fibres  being  fmooth.  Cut  hair  is  better 
than  fuch  as  is  plucked,  becaufe  the  bulbous  roots  pre- 
vent the  progreflive  motion.  The  fibres  of  wool  being 
c  c  4 
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crooked,  mud  naturally  nipy.e  in  curves;  but  th^fe  of 
the  hare,  rabbit,  and  beaver,  being  firaight,  cannot  be 
ufed  alone  in  fcltirjg,  until  after  a  previous  operation, 
which  conlifts  in  rubbing  them  with  a  nitrous  folutioa 
of  mercury,  by  means  of  a  brufh,  before  they  are  fepa- 
rated  from  the  fkin.  The  folution  acting  only  on  one 
fide  of  the  hairs,  renders  them  crooked.  The  flraight 
hairs  are  ufed  for  felting  hats,  in  which  operation  the 
a6lion  muft  be  continued  for  a  determinate  time  only, 
otherwife  they  would  pafs  through  and  come  out  on  the 
oppofite  fide.  The  difpofition  of  wool  to  felt  itfelf,  is  an 
impediment  to  the  carding  and  fpinning  proceiTes;  hence 
oil  is  ufed,  which  diminiOies  the  power  of  the  hairs  to 
a6l  on  each  other ;  but  at  the  fulling  mill,  foap  and  inarle 
are  ufed,  which  carry  off  the  oil  and  reftore  the  wool  to 
it's  former  ftatie,  in  confequence  of  which,  the  fullgig 
procefs  takes  place,  and  the  cloths  are  rendered  narrower, 
fhorter,  clofer,  ftronger,  and  thicker.  The  balls  of  hair 
in  the  ftomach  of  certain  aniniiils  which  lick  each  other, 
are  felted  by  the  a6tion  of  the  ftomach.  To  which  may 
be  added,  that  a  fimilar  caufe  is  the  chief  reafon  why 
beds  of  cock  and  hen  feathers  are  inferior  to  thofe  of 
goofe  feathers  ;  the  latter  being  much  ftraighter,  do  not 
form  the  hard  flat  balls  which  abound  in  the  former. 
This  work,  which  ig  entirely  mechanical,  forms  the/^/', 
which  is  a  kind  of  foft  fpungy  duif,  of  greater  or  lefs 
.  thicknefs,  and  in  it's  iir(i  ftate,  of  a  loofe  and  imperfect 
texture.  It's  fibres  would  foon  difunite  from  their  weak 
connection;  hence  to  give  it  requilite  denfity  and  con- 
fidence, it  undergoes  the  operation  o^  fulling. 
Fulling.  This,  which  is  in  a  certain  re%ect  the  completion  of 

felting,  has  for  it's  object  the  intimate  connection  of  the 
fibres,  and  a  mere  perfect  and  durable  ^cobelion  of  the 
whole  mat^s.  P'or  this  purnofe,  the  mere  mechanical  a6t 
of  prefTure  is  infufficicnt ;  the  refult  w'ould  bq  a  formlef^ 
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niafs  without  confidence.  For  the  fulUng,  it  is  neceflary 
to  make  ufe  of  a  bath  of  water  heated  nearly  to  ebullition, 
into  which  are  put,  in  France^ten  or  fifteen  pounds  of  lees 
of  wine,  for  every  hundred  pounds  of  water.  The 
heat  is  kept  up  the  whole  time  of  working,  and  every 
three  or  four  hours,  a  new  quantity  of  lees  is  added. 
Into  this  bath  the  workmen  plunge  their  felt^  and  begin 
their  fecond  procefs.  The  felt  is  dipped  in,  and  imme- 
diately taken  out  again  and  fqueezed,  bent  ar.d  rolled, 
by  prclTure,  in  different  directions,  fometimes  with  the 
hand  defended  by  leather,  and  fometimes  bv  a  roller,  or 
other  fimilar  inRrume^t.  This  is  repeated  until  the  ftufF 
is  well  condenfed,  and  has  acquired  the  requifite  folidity  \ 
hence  the  lees  added  muft  be  confidercd  as  a  chemi- 
cal folvent,  ailing  diredlly  on  the  fubflance  of  the 
hair,  and  producing,  either  by  foftening  or  fwelling  it, 
an  alteration  hecelTary  to  infure  the  cohelion  of  the  differ- 
ent fibres  of  the  fluff. 

The  editor  of  the  French  Encyclop.  Method,  affirn^ig, 
that  it  is  the  alkali  orpotafli  of  the  lees,  which  determines 
the  fulling.  Chauflier  has,  however,  found  the  affertion 
of  the  editor  to  be  erroneous;  to  prove  which,  nothing 
more  is  neceffary  than  to  dip  a  piece  of  blue  paper  in  the 
bath,  which  inflantly  becomes  red,  and  if  after  feveral 
hours  v,'ork  the  ftate  of  the  bath  be  examined  again,  it  is 
found  that  the  a6ling  part,  which  is  the  acidulous  tartrite 
of  potafh,  is  partly  exhaufted,  and  the  workmen  foon 
perceive  the  want  of  a  new  portion  ;  and  if  we  confider 
jthe  fparing  folubihty  of  the  acidulous  tartrite  in  cold  wa- 
ter, it  will  appear  why  the  water  muft  be  kept  nearly 
boiling.  Hence  it  is  evident,  that  it  mufl  zQl  bv  the 
portion  of  acidule  it  contains.  It  w^s  this  f^rft  obferva^ 
tion  that  induced  Chauffier  to  iubiuiute  the  fulpburic 
acid  inflead  of  the  lees,  v.liich  although  unknown  to  this 
chemifl^  had  been  ufed   as  a  great  fccret  in  foreign  ma** 
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nufac^iire.s.  He  found  twelve  drachms  of  this  acid  fufH- 
cient  for  one  hundred  pounds  of  water,  and  that  this 
method  was  much  preferable  to  that  of  wine  lees,  as 
being  not  only  more  convenient  and  economical,  but 
the  health  of  the  workmen  was  not  impaired  by  the 
excefs  and  duration  of  the  heat,  the  thick  vapours,  and 
the  difguiling  odour  which  exhales  from  the  bath,  par- 
ticularly when  the  lees  had  been  putrid  and  mouldy.  A 
borling  heat  is  not  neceffary  as  formerly ;  ninety,  or 
one  hundred  degrees  of  Fahrenheit  being  fuflicient  for 
good  fuliing.  It  alfo  faves  fuel;  cauldrons  of  lead  may 
be  fubftituted  for  thofc  of  copper,  and  the  fell  prepared  is 
df  fuperior  quality. 

With  refpeiSl  to  this  procefs,  it  is  only  neceffary  to 
mention,  that  hats  felted  in  the  new  manner  take  the  dve 
better  than  in  the  old  way,  and  that  oak  bark  is  fubfli- 
tuted  to  nut-gall  with  advantage. 
Freparaticn.  This  procefs,  called  preparation^  confifts  in  lining  the 
inpcr  furface  of  the  crown,  as  well  as  of  the  brim  of  the 
hat,  with  a  glutinous  fubflance,  which,  by  drying,  gives 
firmnefs  to  the  work  and  preferves  it's  form.  This  che- 
niiA  found  a  folulion  of  glue  in  a  deco£ti0n  loaded  with 
the  mucilage  of  linfeed  oil  the  bed,  >vhilft  INlargueron 
recommends  the  muci}a2:e  extradlcd  from  the  leaves  of 

o 

the  horfe  chefnut  when  it's  foliage  is  in  full  vigour.  A 
Itrong  deco6lion  of  thefe  leaves,  which  contains  a  great 
portion  of  mucous  and  adhefive  matter,  is  ufed  with  the 
glue.  Thefe  are  better  than  gum  arabic  and  other  fria> 
ble  gums  which  become  brittle. 

Neumann's  Chemical  Works  bv  Lewis,  2d.  edit.  vol. 
2. — Withof,  Anatom.  Pili  hum.  Gotting.  torn.  2.— 
Achard's  Chem.  Unterfuchnng  uel^cr  di'c  Bctlandtheile 
der  Haare  von  verfchied.  Thicr.  in  liis  Chem.  and  Phyf. 
Abhandlungcn.  1.  p.  166. — Ba^rthoUet,  fur  la  Nature  dea 
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Subftances  animales,  Mem.  de  I'Acad.  Roval  des  Sci- 
ences. 1784.  Paris. — Leonhardi's  Macquer's  Woerter- 
buch,  vol.  7.  article  Haare. — Monge  Annal.  de  Chim. 
vol.  6. — Chauffier  Obfervation  fiir  le  Mecanifme  du 
Feutrage,  Journ.  Poly  tec.  cap.  l,  p,  i60. 
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FEATHERS. 

Feat'prs.  These,  according  to  Ilildebrandt,  as  well  as  other 
chemifts,  are  fimilar  to  hair.  Hatchett  found,  that 
feathers,  when  digefted  in  boiling  dillillcd  water  daring 
ten  or  twelve  days,  did  not  afford  any  trace  of  gelatin  by 
the  teft  of  the  tanning  principle,  but  nitro-niuriat  of 
tin  produced  a  faint  white  cloud.  The  fame  was  obferv- 
fd  when  quill  was  thus  examined. 


SILK. 


Silk-  This  is  the  produ6lion  of  the  larva  or  caterpillar  of  a 

phalena,  of  which  fcveral  fpecies  afford  it ;  the  phalena 
atlas  of  Linnaeus  gives  the  greateft  quantity,  but  that 
from  the  phalena  bonibyx  of  Linnseus  is  the  moft  gene- 
lally  made  ufe  of  in  Europe.  The  matter  from-  which  it 
is  fpun  is  found  enclofed  in  tvva  purfes  or  fmall  inteftines 
of  the  animal,  and  this  being  taken  out  and  extended, 
forms  the  Indian  weed  fo  well  known  to  fiffiermen. 

The  native  place  of  this  infeft  is  China;  whence 
it  was  carried  to  liindoftan  and  Periia.  Silk  was  not 
known  in  Greece  or  Rome  till  the  reign  of  Auguftus, 
and  we  are  informed,  that  during  fcveral  ages  it  was 
fold  for  it's  weight  in  gold.  In  555,  fiikworms  were 
tranfported  from  India  to  Conftantinople,  by  two  monks, 
and  manufa61ures  were  made  at  Athens,  Corinth,  and 
Thebes,  whence  it  was  brought  into  Europe,  in 
]130,  by  Roger,  king  of  Sicily,  on  his  return  from  the 
Crufade  to  the  Holy  Land ;  he  eftablifiicd  manufa6tiires 
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at  Palermo,  and  in  Calabria ;  afterward  It  fpread  over 
Italy  and  Spain,  and  in^thc  reign  of  James  the  Firft  was 
<?onveyed  to  England. 

According  to  Reaumur,  this  is  not  the  only  animal 
that  affords  this  fort  of  matter  ;  he  found  i'everal  fpecies 
of  fpiders  which  cnclofed  their  eggs  in  a  very  fine  filk, 
and  afforded  a  much  finer  and  ftronger  thread  than  that 
of  the  common  fpecies  ;  it  was  alfo  of  various  colours, 
fuch  as  white,  yellow,  fky  blue,  gray,  and  coffee-colour- 
ed, but  this  has  as  yet  ^dergone  no  chemical  invefliga- 
tion. 

Silk  is  of  different  fliades  of  colour  ;  from  a  white,  it 
goes,  through  all  the  (hades  of  vellow_,  even  to  a  reddifli 
colour.  It  is  of  a  ftiff  texture,  and  (liines  from  the  gum 
varnifh  that  covers  it. 

It  is  not  at^ed  upon  by  water  at  a   boiling  heat  (it's  Expofed  t* 
gum  is  only  affected) ;  from  what,  however,  Chappe  has  ^^f^^^'^" 
faid  upon  the  fubject,    filk,   before   it   is  fpun,  and  juft^^P'^"- 
taken  from  the  caterpillar,  may  be  fo  diluted  with  water  Chappn, 
as  to  form  a  fort  of  gluten,  which  may  be  blown  into 
bubbles  offering  all  the  colours  of  the  rainbow^,  and  far 
fuperior  to  thofe  balloons  made  of  foap  and  water,  which 
foon   vanifli.     On   the  contrary,  we  are  informed  that 
thofe  made  of  this  filky  matter  are  of  a  permanent  tex- 
ture, perfectly  tranfparent,  preventing  even  the  moft  light 
gas  from  penetrating  through  it.     He  has  formed  fmall 
balloons  of  it,  the  diameter  of  which  did  not  exceed  thretr 
inches,  w-hich  he  filled  with  hydrogen  gas,  and  kept  fuf- 
pended  in  an  apartment,  nor  had  many  of  them  fuffered 
any  thing  after  twenty-four  hours.     To  form  this  gluten, 
great  care  is  required  ;  it  cannot  have  all  it's  fupplenei» 
and  dudility  until  it  has  arrived  at  it's  greateft  maturity, 
wdiich   is  when  the  worm  is  dilp  )jed  to   form  it's  filk. 
That  the  yellownefs  of  vvhich   is  loo  marked,  a  difeafed 
lUte  very  common  to  ih^fc  infeft^,  will  not  do.     After 
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being  cut  from  the  worm^  it  muft:  be  put  into  a  glafs, 
unbruifedj  and  when  a  fufficient  quantity  is  procured, 
it  muft  be  well  wa(hed  and  cleaned  with  great  precau- 
tion; the  water  decanted  and  frefh  applied.  By  the  ef- 
fe6lof  the  folution  of  the  colouring  parts  of  the  filk,  as 
well  as  of  the  excremcntitious  parts  of  the  infect,  this 
chemift  informs  us,  this  pure  and  tranfparent  water 
becomes  turbid,  yeHowifh,  and  obfcure,  and  in  an  hour, 
of  a  green,  tending  to  a  black.  In  this  ftate  it  muft  be 
decanted  and  frefh  water  added,  and  repeated  until  the 
yellow  is  extremely  weakened,  and  the  obfcure  green 
diffipated.  The  thermometer  of  Reaum.  being  at  12  or  15*^ 
above  zero,  two  hours  and  a  half  are  fufficient  to  diffblve 
the  colouring  parts  and  excrements,  of  which  it  muft  be 
purged  to  pofTefs  all  it's  du6lility.  The  matter  thus  pre- 
pared is  to  be  put  into  a  glafs  mortar,  a  little  diftilled 
water  added,  and  the  mixture  to  be  accelerated  by  tritu- 
ration ;  a  little  more  water  is  then  added  as  the  liquor 
thickens,  whilft  one  part  of  water  to  three  of  the  lilky 
matter,  commonly  gives  it  all  the  fupplenefs  and  ducti- 
lity neceflary.  In  about  half  an  hour  after,  it's  weak 
yellow  colour  becomes  of  a  greenifti  tinge,  which  is  the 
time  of  it's  being  ready. 

Chappe  took  tubes  of  glafs,  of  a  line  or  more  at  the 
orifice,  and  fomewhat  excavated  at  the  inferior  part, 
which  he  ufed  in  the  fame  manner  as  in  making  balloons 
of  foap  and  water ;  it  muft  be  fo  blown  as  to  be  made  al 
feveral  times,  for  a  rapid  and  fudden  diftention  always 
deftroys  it.  When  it  has  acquired  it's  utmoft  extenfion, 
which,  in  general,  does  not  exceed  three  inches,  the 
water  is. let  evaporate  without  detaching  the  bubble  from 
the  tube  ;  it  is  then  dried  in  the  fun.  To  take  away  the 
internal  drops  of  water,  Chappe  ufed  a  fmall  capillary  co- 
nical glafs  tube,  by  which  he  attra6led  them.  The  colours 
arife  in  proportion  as  the  water  evaporates,  and  prefent 
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themfelves  in  the  fame  order  as  thofe  of  the  Rainbow. 
£xpofed  to  the  air,  it  becomes  taniiflied  and  opake,  but 
by  means  of  a  glafs  and  vapour,  may  be  preferved  for 
feveral  years.  It  has  been  ufed  in  medallions,  and  as  or- 
naments for  buttons. 

Berthollet  found,  that  the  nitrous  acid  perfeAly  dif-  Nitr  us 
folved  (ilk.     By  means  of  feven  or  eight  parts  of  the  firft,  '^'^^  ' 
to  one  of  the  other,   he  obtained  fome   oxahc  acid,  but 
not  fo  much  as  from  wool  3   and   a   fatty  matter  was  de- 
pofited. 

Welter,  having  treated  fome  filk  with  the  nitric  acid  Xirrous 
in  order  to  extract  fome  oxaUc  acid,  he  was   furprifed  at  ^'^' 
the  end  of  the  operation  not  to  llnd  any,  but  inftead  of 
it,  he  found  an  unknown  fah,  filky,  of  a  gold   colour, 
and  which,  on  the  approach  of  a  red  hot  coal,  took  fire 
like  gunpowder. 

The  manner  in  which  he  made  the  experiment  was 
this.  On  one  part  of  (ilk,  he  poured  fix  parts  of  common 
impure  nitric  acid,  to  which  he  added  a  little  concentrat- 
ed nitric  acid.  The  mixture  was  left  to  repofe  two  days, 
and  then  diftilled.  He  then  returned  what  had  come 
over  into  the  retort  again,  and  put  it  on  a  filter.  As  he 
thought  the  oxalic  acid  cryftallized  too  quickly,  he  poured 
it  back  into  the  retort  again,  and  added  to  it  fome  water 
which  had  ferved  to  wafh  the  filter.  He  then  extraeled  a 
part  of  the  water,  and  endeavoured  to  cryftallize  the  re- 
liduum,  which  did  not  take  place  ;  he  then  added  what 
was  in  the  receiver  to  that  in  the  retort,  and  diftilled  it 
again.  At  lafl,  having  performed  the  fame  circle  of 
operations  for  feveral  times,  the  refiduum  was  an  acid 
liquor,  containing  fome  fmall  granular  cryftals,  (which 
were  not  examined)  and  it  was  reduced  to  about  one  half 
of  the  filk  employed. 

.    This  liquor  fubmitted  to  diHTcrcnt  proofs  fliowcd  no  trace 
of  oxulic  acid;  it  was  yellow,  linged  the  fingers  of  that  co- 
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Jour^  and  c5ommunicated  to  white  filk  a  beautiful  yellou', 
which  was  not  weakened  by  wafhing  it  with  water.  To 
faturate  this  liquor  he  mixed  feme  chalk  with  it,  and  fi- 
iiiflied  the  faturation  by  lime ;  having  afterward  ex- 
trafted  it,  he  poured  fome  alcohol  upon  it,  and  there  fe- 
parated  a  gummy  matter  to  all  appearance,  which  was  fet 
japart.  The  alcohol  was  diluted  with  water  and  evapo- 
rated. There  remained  a  yellow  fubftance  with  the  fo- 
lutions  of  muriat  and  nitrat  of  lime.  Having  decom- 
pofed  thefc  falts  by  the  carbonat  of  potafli,  and  feparated 
the  carbonat  of  lime,  the  decanted  liquor  was  left  on  a 
fand  bath.  The  day  after,  the  glafs  was  found  lined  with 
gold  coloured  cryftals  equal  to  filk  in  finenefs,  which  de- 
tonated like  gunpowder ;  the  fmoke  refembled  that  from 
burnt  refin. 
It's  pro-  '^^^^^  yellow  fait  is  foluble  in  water  and  alcohol.     It 

^lerties.  cryftallizcd  on  joolincr.  Oxygenated  muriatic  acid  pour- 
ed upon  it's  folution,  deprives  it  of  it's  yellow  colour,  and 
renders  it  milky. 

The  fulphuric  acid  difengages  the  odour  of  nitrous  acid 
from  it's  cryitals.  The  muriatic  acid  precipitates  from- 
it's  folution  fome  fmall,  whitidi,  micaceous  cryftals,  which 
in  the  fire  arevolatilized  into  a  fmoke  bitter  to  the  palate. 
This  fmoke  is  inflammable,  and  burns  Lke  efiTential 
oils. 

He  treated  fome  frefh  filk  by  the  nitric  acid,  and,  after 
having  obtained  at  different  tinijs  cryilals  of  oxalic  acid, 
he  poured  fome  weak  nitric  acid  on  the  refiduum,  which 
was  of  the  confiftence  of  honey.  After  having  warmed 
the  mixture  to  diilblve  all  of  it,  it  was  left  to  repofe  two 
days,  when  he  again  found  fome  cryftals  of  oxalic  acid, 
and  fome  granulated,  yeilowidi  crvitals,  extremely  bitter 
and  without  any  acidity,  tirgeing  the  faliva  and  the  tongue 
of  a  yellow  colour,  volatile  in  the  fire,  and  iijden:ru(9:ible 
by  the  concentrated  nitric  acid,  which  only  took  away 
their  colour,  and  this  on  dilution  with  water  reappeared. 
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Having  faturated  a  little  nitric  acid,  mixed  with  this 
fubftance,  with  potalh,  it  was  evaporated,  and  the  refi- 
duum  took  fire  like  the  iilky  fait  before  mentioned. 
Welter  looks  upon  this  laft  to  be  a  triple  fait,  compofed 
of  nitre  of  potafh  combined  with  the  yellow  fubftance  to 
which  he  has  given  the  name  Bitter, 

The  cryftals  of  yellow  bitter,  examined  by  the  magni-  ""*^» 
fier,  appeared  to  be  octoedrical,  having  two  oppolite  fum- 
mits  truncated,  whence  refult  fquare  rectangular  tablets, 
the  edges  of  which  are  cut  floping  towards  the  twx) 
furfaces. 

Since  animal  fubftances  become  yellow  by  the  contact 
of  the  nitric  acid.  Welter  endeavoured  to  extract  hitter 
from  the  flelh  of  the  ox  ;  but  he  found  it  combined  with 
another  fubftanee,  which  was  as  unalterable  as  itfelf  by  the 
nitric  acid.  This  combination,  foluble  in  concentrated 
nitric  acid,  is  feparated  from  it  by  water,  in  the  form 
of  a  yellow  powder,  which  does  not  lofe  it's  colour 
in  the  air,  and  which  may  perhaps  be  of  ufe  in  the  art  of 
painting. 

What  gave  Welter  reafon  to  prefume  that  the  yellow 
powder  was  compofed  of  bitter  and  of  another  new  fub- 
ftance wafi,  that,  on  treating  fpunge  by  the  nitric  acid,  he 
obtained  (ome  of  this  laft  fubftance,  without  colour,  folu- 
ble in  concentrated  nitric  acid  like  the  preceding  powder, 
and,  like  it,  capable  of  being  precipitated  by  water; 
knowing,  befides,  how  greedy  bitter  is  of  combi- 
nation, efpecially  with  animal  matters,  and  how  folid  it's 
tin6lures  are. 

Welter  thinks  that  bile,  perhaps,  owes  it's  colour  and 
bitterncfs  to  this  fubftance,  which  he  calls  bitter. 

The  vitriolic  as  well  as  the  muriatic  acids,  when  con-  Muriatic 
centrated,  diflblve  filk. 

According;  to  Weftrumb,  filk  and  wool,  when  treated  Dephiog. 
With  the  dephlogifticated  muriatic  acid  gas,  ox  when  di- 
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luted  with  water,  inftead  of  being  bleached  like  cotton 
and  linens,  always  became  of  a  yellow  colour,  and  loft  a 
part  of  their  folidity. 

Alkalis.  The  cauftic  alkalis  corrode  and  difTolve  it. 

F.re.  Silk,  on  being  expofed  to  heat,  gives  by  diftillation  the 

fame  as  other  animal  fubftances.  According  to  Neu- 
■  mann,  few  fubftances  afforded  him  fo  much  volatile  al- 
cali  5  and  Tournefort  fays,  that  it  contains  more  than 
hartftiorn  j  from  15  ounces  of  filk  he  obtained  2  drachms 
of  volatile  fait. 

Hence  it  appears,  that  filk,  like  coal,  refembles  the 
fibrous  matter,  although  it  has  been  looked  upon  as  con- 
crete albumen.  Fourcroy  looks  upon  it  as  a  kind  of  ve- 
getable mucilage  or  gummy  matter,  with  a  peculiar  ani- 
mal oil,  which  gives  it  flexibility,  duftility,  and  elafticity. 
It,  however,  differs  from  vegetable  fubftances ;  firft,  by 
the  volatile  alkali  it  affords  by  diftillation  ;  fecondly,  by 
th(?  carbonic  acid  gas  obtained  from  it  by  the  nitrous 
acid  ,*  and  thirdly,  by  the  peculiar  oil  which  this  acid  fe- 
parates,  in  proportion  as  it  converts  it  into  faccharine 
acid.  According  to  Gren,  it  is  an  animal-vegetable 
matter,  the  vegetable  part  proceeding  from  the  food  of  the 

Light.  worm.  It  is  convertible  into  paper.  Gadolin  found 
that  crude  filk  expofed  to  the  fun,  after  being  moiftened, 
afforded  a  great  deal  of  dephlogtfticated  air. 

Varnifliof  Silk  is  divided  into  two  kinds,  viz.  unwrought  or  crtide^ 
and  wrought.  In  it's  natural  ftate  it  is  diftinguifhed  by 
the  firft  name,  being  covered  with  a  varnifti,  which  by 
,  fome  has  been  looked  upon  as  a  gum,  by  others  as  a  refin, 
to  which  it  owes  it's  ftiffnefs,  brilliancy,  and  elafticity. 
Bergman,  on  the  contrary,  affirmed,  that  this  varnifti  wa« 
neither  gum  nor  refin,  but  of  an  oily  nature.  Deprived 
of  this  it  is  called  wrought  fdk.  It  likewife  contains  a 
yellow  colouring  part. 
This  varnifti  is  foluble  in  boiling  water,  and  confti- 
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tutes  foinewhat  more  than  one  quarter  of  the  weight  of 
the  filk. 

According  to  Berthollet,  when  feparated  it  is  black, 
brittle,  and  of  a  fliining  fra61:ure. 

It  is  eafily  foluble  in  hot  water,  and  Berthollet  found.  Hot  waiei. , 
that  it  left  very  little  refiduum  on  the  filter;  the  folution, 
which  was  clear  and  of  a  greenifh  yellow  colour,  was  not 
fenfibly  afFe6led,  either  by  acids  or  by  alkalis.  A  folu- 
tion  of  alum  produced  a  precipitate  of  a  dirty  white,  that 
of  fulphat  of  copper  of  a  dark  brown,  and  that  of  falphat 
of  iron  of  a  brown  colour.  A  folution  of  muriat  of  tin 
gave  a  white  precipitate,  and  acetite  of  lead  a  brown  one. 
All  thefe  precipitates  were  in  fmall  quantity,  and  more  or 
lefs  vifcous.  An  infuiion  of  galls  or  of  fumach  produces 
a  white  precipitate.  Alcohol  does  not  diflblve  this  fub-  Alcohol, 
ftandelven  by  •bullition  ;  it,  however,  takes  up  it's  yel- 
Ipw  calouring  part. 

On  diftillation,  Beaume  and  Berthollet  obtained  the  DiftiHatbn. 
fame  products  as  from  animal  fubftances.  Hence  this 
varnifh  is  of  an  animal  nature,  which  is  the  reafon  that 
foapfuds,  which  have  been  made  ufe  of  to  deprive  the  lilk 
of  it,  eafily  become  putrid.  When  it  is  no  longer  re- 
tained by  the  affinity  it  has  for  the  lilk,  it  is  eafily,  as^has 
been  feen,  foluble  in  water,  but  not  in  alcohol.  Berthol- 
let is  of  opinion,  that,  although  this  fubftance  is  not 
of  a  vegetable  nature,  the  name  of  gum  is  well  adapted 
to  it. 

The  yellow  colouring  part  which  filk  poflelTes  befides  it's  eoiour- 
it's  gum,  and  which  has  been  juft  obferved  to  be  foluble  fofubiTia 
in  alcohol,   being  feparated  by  this  means,   the  gum  is  *^'^"^^"^- 
brown,  which  arifes  from  the  heat  it  fuffcrs  from  ebul- 
lition ;  for  if  this  colouring  part  be  taken  off  by  the  pro- 
cefs  of  Beaume,  which  will  be  defcribed,  the  lilk  remains 
white.  This  alcoholic  folution  of  colouring  matter  left,  on 
evaporation,  a  fcaly  refiduum  of  an  amber  yellow  colour, 

DD2 
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Berth ollct  mixed  a  few  drops  of  muriatic  acid  with  nearly 
two  ounces  of  alcohol,  which  he  boiled  on  20  grains  of 
filk  gum,  when  a  folution  took  place  ;  but,  on  cooling,  it 
took  the  form  of  a  jelly. 
Bleaching.  For  the  greater  part  of  ufes  in  the  arts  to  which  lilk  is 
deftined,  it  is  neceflary  that  it  fhould  be  deprived  both  of 
it's  gum  and  colouring  part.  This  double  object,  ac- 
cording to  Berthollet,  is  effe6led  by  means  of  foap ;  and 
to  make  the  operation  more  or  lefs  perfect  depends  on 
the  proportion  of  the  foap,  although  it  appears  to  change 
the  luftre  of  the  iilk.  Thus,  for  inftance,  to  make  it  fit 
to  receive  ordinary  colours,  a  folution  of  20lbs.  of  foap 
to  lOOlbs.  of  iilk  is  fufficient,  taking  care  to  have  a  fuffi- 
cient  quantity  of  water,  and  the  boiling  to  continue  three 
or  four  hours.  For  filk  that  is  to  be  died  blue,  the  quan- 
tity of  foap  is  augmented,  and  a  larger  quantity  is  em- 
ployed for  fcarlet,  cherry  colours,  &c.,  fince  it  is  neceflary 
for  thefe  colours,  that  the  ground  of  the  filk  fliould  be 
whiter  than  for  lefs  delicate  colours.  If  the  filk  is  to  be 
ufed  white,  it  undergoes  three  operations  with  foap,  and 
in  the  lafl:  it  is  called  the  bleaching,  by  which  a  light  fliade 
is  given  it  under  different  names,  as  China  white,  filver 
white,  azure  white,  thread  white,  &c. 

For  the  China  white  a  flight  reddifli  tinge  is  commu- 
nicated to  it  by  an  American  feed  (bixa  orellata,  Lin.) 
called  anotta.  For  the  azure,  a  little  refined  indigo  \% 
ufed.  After  this  it  is  neceflary  to  expofe  it  to  the  vapour 
of  fulphur,  if  intended  for  white  fluff's,  fince  the  whitenefs 
from  the  preceding  procefTes  is  not  fuificiently  fplendid. 

The  Abbe  Columb  found  that  filk,  fcoured  by  the  a(^ion 
of  water  alone  at  a  boiling  heat,  became  much  better  for 
dyeing,  and  was  more  flrong  than  that  fcoured  by  foap. 
A  fi;rong  ebullition  of  eight  hours,  however,  is  neceflfary 
to  difTolve  all  the  varnifli  of  the  filk,  but  it  preferves  it's 
yellow  colour. 


EXTERNAL   PARTS.  405 

For  a  far  fupcriour  procefs  we  are  indebted  to  Beaume, 
who  arrived  at  depriving  yellow  filk  of  it's  colouring  part, 
without  attacking  it's  gum,  and,  confequently,  without 
depriving  it  of  it's  elafticity  and  brilliancy.  Before  the 
labours  of  this  chemift,  the  art  of  bleaching  filk  was  un- 
known in  Europe  ;  and  he  informs  us,  it  coft  him  lix 
years  of  great  diligence  and  induftry  to  create  and  bring 
it  to  perfe<Slion.  The  only  author  who  had  written  on 
this  fubjeft  was  Poivre,  who  believed,  that  in  China  the 
filk  was  bleached  by  expofure  to  the  fun,  and  he  looked 
upon  this  luminary  as  the  only  bleacher  of  filk. 

The  Nankin  filk  is  perfectly  white,  filvery,  brilliant, 
and,  not  being  deprived  of  it's  gum,  has  all  the  ftiffnefs 
natural  to  unboiled  filk  ;  and  the  great  dcfideratum  was 
to  give  that  of  Europe  the  fame  whitenefs,  without  de- 
priving it  of  the  other  properties.  It  was  believed, 
that  the  Nankin  filk  was  natural ;  and  the  late  Soudaine 
obtained  fome  eggs  from  China,  from  which  he  got  filk 
both  of  a  yellow  colour  and  fome  as  white  as  the  Nankin. 
It  appears,  however,  that  almofl:  all  from  that  country  is 
bleached  by  a  procefs,  which  Beaume  informs  us  he  has 
difcovered. 

His  firft  obje6l  was  the  deftruftion  of  the  cryfalis,  Extmaion 
which  pierces  the  filky  cod  in  ten  or  twelve  days.  This  ^  ^  *  ^ 
had  been  effe6ted  by  a  furnace,  heated  to  70°.  But  the 
inconveniences  were,  that  the  heat  fpoils  a  part  of  the  filk 
on  the  furface  of  each  cod,  hardens  it,  and  makes  it  diffi- 
cult to  foften  in  warm  water  at  the  time  of  winding.  One 
pound  of  fpun  filk  is  commonly  procured  from  slbs.  of 
the  cods,  whilfl:  IS  ounces  of  the  fame,  but  more  beauti- 
ful and  brilliant,  are  procured  from  the  fame  quantity  of 
green  cods,  or  thofe  which  had  not  been  expofed  to  the 
furnace,  and  the  winding  is  performed  by  a  lefs  heat  and 
with  more  eafe.  Hence  the  ufe  of  a  method  of  winding 
the  filk,  when  green,  without  the  inconveniences  of  the 
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fireainwhichBeaume  fucceeded  by  means  of  alcohol,  vC'Uh 
this  advantage,  that  this  method  fhows  the  cods,  in  which 
the  cryfalis  was  previoufly  dead,  and  which  mud  be  fepa- 
rated  from  the  others,  fmce  the  infeft  foon -becominir  pu- 
trid, furniflies  a  liquor,  which  gives  the  filk  a  deep  brown 
colour ;  and  thefe  are  diftinguiflied  by  having  brown  or 
black  fpots  on  their  furface. 

iflrlnfufion.  Previous  to  the  bleaching,  the  wound  filk  muft  be  in- 
fufed  in  water  at  about  45^  for  two  hours,  to  deprive  it 
of  a  little  of  it's  gummy  part.  During  this  infufion,  it 
foftens,  and  the  water  is  rendered  flightly  amber- coloured ; 
the  filk  is  then  dried,  and  being  thus  prepared,  6lbs.  of 
it  are  put  into  a  well  wafhed  fione  pot,  to  which  are  added 
48lbs  of  alcohol  mixed  with  12  ounces  of  very  pure  mu- 
riatic acid ;  the  pot  is  then  covered,  left  until  the  next 
day,  or  until  the  liquor  from  it's  beautiful  green  pafles  to 
the  colour  of  dead  leaf  ^  the  liquor  is  then  let  run  out 
by  a  hole  in  the  bottom,  and  alcohol  is  poured  upon 
the  filk  at  feveral  times,  and  let  run  off,  until  it  runs  off 
clear. 

«dlnfufion.  The  filk  now  imdergoes  a  fecond  infufion  of  the  fame 
kind  as  the  firfl; ;  it  is  then  left  covered  twenty-four 
hours,  or  fometimes  two,  three,  and  even  fix  days,  i\ntil 
the  filk  becomes  perfectly  white,  and  is  afterwards  wafii- 
ed  by  pouring  alcohol  upon  it  until  it  runs  off  clear. 

2d  Infufion.  It  is  now  fubrnitted  to  a  third  infufion  of  alcohol  alone, 
48lbs.  of  which  are  poured  upon  it ;  it  is  let  fi:and  until 
the  next  day,  and  the  alcohol  is  then  laid  ^fide  to  wafli 
the  filk  of  the  firfi:  infufion.  When  nothing  more  runs 
from  it,  it  fi:ill  retains  it's  weight  of  alcohol,  which  is  to 
be  waihed  away  by  clear  river  water,  until  nothing  but 
water  runs  off.  The  marine  acid  likewife,  with  which  it 
is  impregnated,  is  to  be  waflied  off  by  the  fame  means; 
but  the  water  mufl:  contain  no  nitre,  as  this  tarniihes  it. 
The  filk  is  placed  under  the  pump,  and  coarfe  cloth  put 
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ever  it  for  a  filter,  the  water  is  then  made  to  pafs  through 
the  filk,  until  it  no  longer  reddens  the  tin6ture  of  litmus  5 
the  pot  is  then  flopped  and  filled  with  water,  which  is 
changed  once  or  twice  every  twenty-four  hours,  after 
which  the  (ilk  is  completely  bleached  and  wafhed.  If 
the  muriatic  acid  be  not  completely  waflied  off,  the  lilk  is 
rough  to  the  touch,  and  in  time  it's  threads  become 
brittle.  If  it  be  wrapped  in  woollen,  and  placed  in  the 
current  of  a  river,  it  is  completely  waihed  in  five  or  fix 
hours. 

It  appears  that,  although  the  mineral  acids  are  of  all  Remark*, 
faline  fubflances  the  moft  a6live  and  deftru^live,  they 
may,  however,  be  applied  to  filk  by  the  intermedium  of 
alcohol  without  detriment.  Beaume  has  even  ufed  two 
ounces  of  muriatic  acid  to  lib.  of  alcohol  without  any 
hurt  to  the  filk,  and  this  acid  is  preferable  to  the  two 
others,  provided  it  be  free  from  the  nitrous  acid,  as  this 
laft  has  the  inconvenience  of  reddening  the  filk  ;  but  al- 
cohol mixed  with  muriatic  acid  extracts  from  yellow  filk 
a  colour,  which  immediately  pafTes  to  a  beautiful  green 
tending  to  a  blue.  This  on  three  or  four  hours  expofure 
to  the  fun  becomes  of  the  colour  of  dead  leaf,  whilft 
pure  alcohol  alone  extracts  a  beautiful  lemon  colour  from 
the  yellow  filk,  which  is  not  affected  by  the  fun,  and  is 
not  depofited  for  feveral  years,  although  the  fame  filk, 
enclofed  in  ^^ottle  and  expofcd,  lofes  it's  colour  in  a  fhort 
time. 

Alcohol  alone  pofTefiling  the  property  of  taking  away 
the  yellow  colour  of  the  filk,  it  was  the  intention  of 
Beaume  to  havie  employed  it ;  but,  although  it  has  the 
advantage  of  converting  thefe  yellow  filks  into  a  fl:ate  of 
natural  whitenefs,  and  they  are  afterwards  made  per- 
feftly  white  by  one  infufion  only  of  the  alcohol  and  the 
acid,  yet  it  is  not  fufficient  to  bleach  them  entirelvj 
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and  it  has  likcwife  inconveniences  which  the  other  has 
not. 

To  this  may  be  added,  that,  in  order  for  the  firft  in- 
fufion  to  have  been  well  made,  the  (ilk  muft  have  loft  all 
il's  yellow  colour,  and  the  liquor  have  changed  it's  co- 
lour a  little  ;  that  it's  duration  depends  on  it's  tempera- 
ture ;  at  20°,  it  is  often  made  in  ten  or  twelve  hours  ;  if 
expofed  to  the  bain,  marae  in  two  or  three  hours,  and  all 
the  infufions  may  be  made  in  one  day.  After  this  firft 
infufion,  the  filk  appears  of  a  greenifli  colour,  which  goes 
off  on  wafhing. 

By  thefe  means  the  yellow  filks  of  Europe  may  be  ob- 
tained as  beautiful,  and  even  more  fo,  than  thofe  of  Nan- 
kin, and  by  bleaching  the  white  filk,  which  is  natural,  it 
is  infinitely  more  beautiful. 


ATTRACTION  OF  THE  EXTERNAL  PARTS  FOR  COLOURING 
MATTER. 

Attraftion       SiNCE  the  exteriour  parts  of  animals  are  converted  into 
tlia? parts  ^^^'^^^^^  clothing,   and  are  fubje6t  to  have  their  natural 

for  colour-   colours  changed  for  a  variety  of  others  by  the  art  of  dye- 
ing matter.  .        .       ...  ,  _         -    '  ,    -         r  1  • 

ing,  It  will  be  neceifary,  before  the  conclunon  of  this  ar- 
ticle, to  take  fome  notice  of  the  chemical  attra6tion  they 
have  for  colouring  matter. 

It  appears  that,  from  the  different  compofition  of  ani- 
mal fubftances  when  compared  with  vegetable,  the  azote 
and  hydrogen  of  the  firft  being  difpofed  to  take  an  elaftic 
ftate,  their  component  particles  have  lefs  adherence  to  each 
other  than  thofe  of  the  fecond  ',  hence  hair,  wool,  and 
filk  have  a  ftronger  attra6tion  for  colouring  matters  than 
cotton,  linen,  or  hemp.  With  refpe6l  to  wool,  the  la- 
minae or  zones,  which  form  the  roughnefs  of  it's  fibres. 
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are  well  fitted  to  contain  the  particles  of  colouring  mat- 
ters^ but  their  interftices  being  fmall,  no  colour,  accord- 
ing to  Bancroft^  can  be  conveyed  into  the  cavities,  until 
dilated  by  hot  or  boiling  water,  which  is  not  the  cafe  with 
iilk.  This  dilation  and  contraction  of  the  interftices,  with 
the  fuperiour  chemical  attraftion,  which  animal  fibres  have 
for  colouring  matters,  explain  why  many  colours,  dyed 
upon  Wool  and  hair,  proved  fo  much  more  durable  than  on 
cotton  and  linen,  and  the  finer  and  whiter  the  wool,  the 
foonerand  more  penetrated  it  is  with  the  matter,  whilil 
the  coarfe  wool  receives  colours  with  difficulty;  likew'ife 
from  it's  ftrong  attraction,  wool  is  died  fcarlet  in  a  bath, 
which  has  no  effeft  on  cotton.  With  refpeft  to  filk,  from 
it's  lefs  difpofition  to*  receive  and  retain  colours,  or  to, 
combine  witk  colouring  matter,  it  bears  fomc  refemblance 
to  vegetable  fubftances,  or  rather  feems  to  partake  of  a 
middle  nature  between  the  animal  and  vegetable,  which 
may  arife  from  it's  fibres  having  neither  a  fimilar  organi- 
zation, by  which  it  is  capable,  like  wool,  of  having  it's 
pores  opened  by  hot  water,  of  which  it  has  no  occafion, 
like  the  vegetable,  or,  more  probably,  as  Berthollet  is  of 
gphiion,  from  it's  containing  lefs  azote  and  hydrogen  -,  co- 
lours however  dyed  on  filk  are  more  lafting  than  when 
dyed  on  linens  and  cottons,  which  is  the  refult  of  it's 
greater  aflfinity  with  the  colouring  matter. 

Another  circumftance  refpeCting  thefe  fubftances  is,  Mordam$  in 
that  fjfom  their  diflTerence  of  compofition  they  are  more 
likely  to  be  deftroyed  by  mordants*,  by  their  greater  affi-; 
nity  for  them  than  vegetables  have  ;  hence,  fixed  alkalis, 
pure  or  cauftic,  deftroy  them  by  their  combination  to 
fatu ration,  and  by  this  means  lofe  their  caufticity.  Hence 
it  follows,  that  wool,  hair,  and  filk  are  not  able  to  fuftain 
the  lyes,  and  the  employment  of  alkalis  can  only  be  made 

K.  B.  Mordants  are  thofe  fabftances  that  ferve  as  a  medium  of  union  be- 
tween the  colouring  matter  and  the  ^ibftanccto  b«dye<. 

Vol.  I.  K  E 
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\vith  great  precaution  in  theproceflTcs  of  dyeing  them,  which 
is  unneceflary  with  refpe6l  to  cotton,  Uncn,  Sec.  Wool, 
as  it  is  naturally  clothed  with  a  fatty  fubftance,  undergoes 
the  3iSi  of  fcouring  previous  to  taking  the  dye.  This  is 
generally  done  by  hot  water  and  putrid  urine,  which, 
when  the  wool  no  longer  is  milky,  is  fufficicntly  cleanfed. 
In  this  procefs  the  ammonia  combines  with  the  fatty 
fubftance,  and  forms  a  foap,  which  renders  it  foluble  in 
water.  For  the  generality  of  colours  it  is  prepared  by 
being  boiled  with  faline  fubftances,  as  alum,  and  tartar, 
called  the  boiling.  Silk,  from  the  fame  reafon,  as  \i  has 
lefs  affinity  with  colouring  matter  than  wool,  affords  a 
greater  refiftance  to  the  a6lian  of  mordants  ;  but  although 
their  a6lion  is  weaker  than  on  wool,  it  is  neceflary  to 
makeufe  of  them  with  great  precaution,  lince  the  bright- 
nefs  of  colour,  required  in  filk,  appears  to  depend  on  the 
moothnefs  of  it*s  furface. 

The  mordant  for  lilk  is  alum ;  without  this,  the  greater 
part  of  the  colours  applied  to  it  would  have  neither 
beauty  nor  durability  5  when,  therefore,  the  lilk  has  been 
foap-waflied,  it  is  put  into  a  cold  alum  bath  for  about 
eight  hours,  and  then  waflied ;  a  hot  bath  would  impair 
the  luftre  of  the  filk. 

It  therefore  appears  that  alumine  is  the  grand  mordant 
for  animal  fubftances,  and  the  affinity  which  it  has  for 
them  has  been  proved  by  BerthoUet  by  direft  experi- 
ment. He  formed  this  combination  by  mixing  an  alkali 
Saturated  by  an  animal  fubftance,  with  a  folution  of  alum. 
A  double  exchange  was  the  confequence.  The  alkali 
united  with  the  acid  of  the  alum,  whilft  the  alumine 
combined  with  the  animal  fubftance  was  precipitated. 
He  likewife  proved  it  by  another  experiment.  Having 
mixed  a  folution  of  glue  with  a  folution  of  alum,  he  pre- 
cipitated the  alumine  by  an  alkali,  which  was  found 
to  have  dragged  the  glue  along  with  it,  and  to  have  united 
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with  it.    It  had  the  appearance  of  a  femitranfparent  jelly, 

and  dried  with  difficulty.     The   reafon  of  tartar  being 

added  to  the  alum,  with  refpe<Sl  to  the  wool,  is,  that  as  it 

is  much  more  tender  than  lilk,  it  moderates  the  too  lively  ^ 

a6lion  of  the  alum  upon  it.  All  metallic  oxyds,  likewife, 

ferve  as  mordants  to  animal  fubftances,   and  even  fome 

animal  fubftances  themfelvcs. 

Neumann's  Chemiflry  by  Lewis,  vol.  2. — Fourcroy's 
Elements. — Decouverte  d'unTifTu  tranfparent  de  la  Ma- 
tiere  foyeufe  du  Ver  a  Soie,  par  M,  Chappe.  An.  de  Ch. 
tom.  2.  p.  113. — Notice  fur  quelques  Matieres  particu- 
lieres,  trouvecs  dans  les  Subftances  animales,  traitees  par 
I'Acide  nitrique,  par  le  Cit.  Welter,  ibid.  No.  87.  p. 
301. — Sur  le  Combuftion  dc  differens  Corps  dansTAcide 
muriatique  dephlogift.  par  M.  Westrumb.  ibid.  tom.  6. 
p.  240.— Obfervations  fur  la  Diflblution  du  Vernis  de  la 
Soie,  par  M.  Coulomb.  Journ,  de  Phyf,  Juill.  1785.  p. 
95. — Berthollet,  Elemens  de  PArt  de  la  Teinture.  B  vol, 
Paris. — Bancroft  on  Permanent  Colours.  London, 
1794.— Memoire  fur  le  Blanchiment  des  Soies  fans  les 
decruer  femblables  a  cdles  connues  fous  le  Nom  de  Sina 
ct  de  Soies  de  Nankin  par  M.  Beaume.  Journ.  de  Phy. 
tom.  l.p.  375.  1793. 
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